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ABSTRACT 

This  thesis  is  concerned  with  the  effects  of  certain  personal  . 
and  situational  variables  on  the  acquisition  sequence  of  graphical 
interpretation  Skills.      A  comprehensive  learning  hierarchy  of  basic 
graphical  interpretation  skills  was  prepared  according  to  the  method 
of  task  analysis  initially  proposed  by  Gagn6.      An  extensive 
analysis  was  then  made  of  possible  subdivisional  skills  v/ithin  each 
of  the  basic  intellectual  abilities.      The  i5easons  for  this  analysis 
fWere  ~ 

(1)  to  determine  more  precisely  the  limits  of  lateral  transfer, 
associated  with  each  of  these  basic  skills/  and  thus  - 

(2)  to  avoid  invalidating  likely  connectiorls  through 
ccHnparison  of  different  subdivisional  skills  at  successive  levels 
of  the  learning  hierarchy.  "  , 

Th4s  analysis  ^Iso  involved  the"  development  of  a  new  statistical 
test  for  the  difference  between  two  dichotomous  skills.      This  test/ 
which  accounts  for  errors  of  measurement/  was  based  on  a  model 
developed  earlier  by  White  and  Clark  for  a  test  of  hierarcjiical 
dependence. 

Following  tHe  analysis  of  subdivisional  skills,  the  postulated 
learning  hierarchy  was  subjected  to  a  series  of  empirical  validation 
studies.      These  studies  involved  the  preparation  of  a  comprehensive 
instructional  programme,  with  appropriate  questions  inserted  after 
each  interpretative  skill.      The  validation  programme  was  initially 
tested  in  three  separate  parallel  forms /  in  order  to  determine  the 
effects  of  a  different  informational  model  and  extended  numerical 

^8 


range  on  the.  acquisition  sequence  of  skills    .Apart  f;:cMn  occasional 


\ 

inconsistenoi'esr  apparently  produced  through  the  repetition  of 
instructions  in  one  section  of  the  validation  progrartttne,  the  same 
hierarchical ^network  of  graphical  interpretatipn  skills  vas 
substantiated  in  et^ch  of  these  validation  studieis.  .^^^ ' 

'  subsequent  studies*  with  interstate  andUoWrseas  students  were 
used  to  test  the  possii^le  effects  of  differences  in  curricular  and 
cultural  background,, /^ge  '^nd  nominal  academic  level  •  ^ Each  of  these 

Studios  produced  similar  validation  results,  though  again  with  minor 

-    'i.  '/     '    .  ■    .        ^  f 

inconsistencies.      -Thus  it  seems  that  the  acquisition  sequence,  of 

graphical  int%rpret^ation  skills  may  be  largely  independent  of  the 

specified  personal  and  situational  characteristics  examined  in  this 

research. 

This  conclusion  is  qualified  by  two  important  observations  derived 
from  the  analysis  of  subdivisional  skills  and  the  series  of "parallel 
validation  studies.. 

(1)  The  potential  generalisatic*i  of  any  basic  intellectual 
skill  is  restricted  to  the  scope  of  subdivisional  conditions  within 
which  itl^is  initially  taught. 

(2)  The  mastery  of  intellectual  skills  intone  informational 
context  does  not  imply  the  capacity  to  translate  those  skills  to 

a  different  ihformational  context  without  provision  of  the  relevant 

c 

terminology  or  iniitructional  cues. 
«» 

Aj>art  from  providing  evidence  to  substantiate  the  basic  principle 
of  hierarchical  learning,  these  studies  present  a  number  of  important 
implications  for  research  and  curriculum  development. 
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The  principle  of  hierarchical  learning,  which  involves  the 
sequential  acquisition  of  logically  related  and  progressively 
ccxnplex  behavioural  capabilities,  has  long  been  a  doninant  influence 
on  curriculum  planning  and  development,  more  partitxilarly  in  the 
scientific  disciplines.      This  influence  is  probably  related  to  the 
well-established  hierarchical  organisation,  or  substantive  structure 
of  scientific  knowledge  (see  Ausubel  &  Robinson  1969/pl42;  Bruner 
1960;  Dressel  et  ai  1960;  Schwab  1964),  and  has  tended  to  result  in 
a  rigid  sequential  approach  to. the  teaching  of  scientific  skills. 
Although  this  general  approach  has  been  relatively  consistent,  the 
.presentation  sequence  of  particular  skills  defined  within  specific 
topics  has  often  varied  fran  one  course  to  another,  since  these  patterns 
pf  sequential  learning  have  generally  been  based  on  the  intuitive 
reasoning  of  individual  curriculum  writers  or  teachers,  rather  than 
on  objective  or  empirical  research.      Thus  many  important  topics 
have  been  presented  in  different  curriculum  programmes  through  logically 
incornx>atible  learning  sequences  (one  example  is  presented  in  Chapter  II), 
amJ  ihoso  programmes  have  often  been  widely  used  without  consideration 
for  the  fiossible  effects  of  certain  recognised  learning  variables, 
surh  M5i  rific  and  academic  level,  curricular  and  cultural  background, 
on  thr:  cj^.'juisition  sequence  or  pattern  of  relevant  skills. 

rho  object  or  this  research  is  to  construct,  and  validate  by 
omj»iric<il  means,  a  hierarchical  network  of  graphical  interpretation 
skills,  and  to  examine  the  effects  of  certain  personal  and  situational 
variobles  on  the  acquisition  sequence  of  these  interpretative  skills. 

-  14 
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The  theoretical  basis  for  this  research,  which    involves  the  nature 

aivJ  conditions  of  hierarchical  or  sequential  learning ^  is  examined 

in  Chapter  I,  and  this  is  followed  by  an  outline  of  previous 

investigations  on  the  construction  and  validation  of  learning 

hierarchies.      Chapter  II  then  examines  the  field  of  graphical 

interpretation  skills,  with  particular  reference  to  the  differences 

in  teaching  approach  and  presentation  sequence  of  these  skills. 

This  chapter  concludes  with  the  case  for  more  definitive  research. 
* 

Chapter  ill  describes  the  postulation  and  preliminary 
validation  of  a  comprehensive  learning  hierarchy  of  basic  graphical 
interpretation  skills.      The  classification  and  analysis  of 
subdivisional  skills  within  each  of  these  basic  interpretative 
abilities  is  outlined  in  Chapter  IV.      This  analysis  is  then  used  as 
a  basis  for  specifying  certain  modifications  and  restrictions  to  the 
postulated  learning  hierarchy  prior  to  the  validation  trial  (Chapter  V) . 

The  first  major  empirical  validation  of  the  postulated  learning 
hierarchy  is  described  in  Chapter  VI,  and  this  is  fojLlowed  by  two 
parallel  validation  studies,  using  modified  instructional  and  testing 
programmes,  which  examine  the  effects  of  a  different  informational 
model  (Chapter  VII)  and  extended  numerical  range  (Chapter  VIII)  on 
the  acquisition  sequence  of  graphical  interpretation  skills. 
Subsequent  validation  studies  with  interstate  and  overseas  students 
are  used  to  test  the  possible  effects  of  othei;  important  variables, 
including  curricular  and  cultural  background  (Chapters  IX  and  X 
respoctivoly) ,  on  the  postulated  learning  hierarchy,  while  the 
interactive  influence  of  a  different  cultural  background  and  specific 

"     t5  , 


informational  model  is  examined  in  Chapter  XI*      Chapter  XII  presents 
a  summary  of  the  major  conclusions  arising  from  these  validation  studies, 
and  examines  the  resultant  implications  for  research  and  curriculxam 
development. 
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CHAPTER  I 

AN  OUTLINE  OF  THEORY  AND  RESEARCH 
RELATED  TO  HIERARCHICAL  LEARNING 
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^*    The  Theoretical  Basis  of  Hierarchical  Learning 

\ 

jThe  principle  of  hierarchical- learning  depends  on  the 
recognition  of  different  levels  of  cognitive  capability,  associated 
in  seme  form  of  hiereurchical  orgamisation  through  the  postulation  of 
learning  transfer ^  and  is  compatible  in  terms  of  these  essential 
characteristics  with  many  recent  models  of  learning  and  instruction. 
The  basic  element  of  hierarchical  interrelationship  between  different 
levels  of  learning  behaviour  is  emphasised  in  the  following  outlines 
for  several  of  these  theoretical  models. 

The  most  explicit,  and  perhaps  the  most  prominent  model  of 
hierarchical  learning  is  that  proposed  by  Gagn€  (1965).      This  mcdel 
defines  eight  different  types  of  progressively  complex  learning 
behaviour  -      signal-learning,  stimulus-response  learning,  chaining, 
verbal  association,  multiple  discrimination,  concept  learning,  principle 
learning  and  problem  solving.      The  lower  levels,  or  simpler  forms  of 
learning  are  relatively  limited  in  scope,  while  the  higher  or  more 
complex  levels  may  also  involve  some  degree  of  internal  differentiation. 
Each  of  these  learning  processes  is  characteriseo  by  its  own  set  of 

CJ 

necessary  or  facilitating  conditions,  and  is  hierarchically  related 
to  the  others  in  terms  of  its  essential  prerequisite  capabilities. 

A  number  of  other  prominent  models,  although  different  frcMn 
that  of  Gagn^  in  terms  of  basic  definition,  also  recognise  some  form 
of  hierarchical  organisation  with  respect  to  learning  behaviour. 
Ausubel  (1961)  for  example,  initially  defines  three  principal  kinds 
of  learning  (rote  and  meaningful  learning,  concept  formation,  and 


ERIC 


verbar  ahd  non-verbal  problen  solving) ,    but  later  modifies  this^ 
model  (Ausubel  &  Robinson  1969/p59)  to  a  hierarchically  Organised 
set  of  five  learning  processes ^  beginning  at  the  lowest  level  with 
representational  learning  (or  naming)  ,  and  progressing  through 
concept  learning,  proposition  learning  and  probleofi  solving,  to 
creativity  at  the  highest  level.      Both  cf  these  models  include  a 
nijmber  of  intermediate  divisions  (representational  learning,  for 
example,  is  the  last  of  eight  sequential  stages  in  concept  acquisition 
•  Ausubel  1968/p517),  and  are  further  complicated  by  two  additional  ^ 
independent  dimensions  (rote/cneaningful  and  reception/discovery) 
which  cut  across  each  of  these  categories. 

Bloom's  Taxonomy  of  Educational  Objectives  (Bloom  1956)  defines, 
in  the  cognitive  domain,  six  prbgressively  complex  classes  of  learning 
or  educational  behaviour^-  knowledge,  comprehension,  application, 
analysis,  synthesis  and  evaluation  -  and  incorporates  a  system  of 
hierarchically  organised  subdivisions  within  each  level  or  class 
(Bloom  1956/p30;  see  also  Dressel  et  al  1960).      This  model  is  generally 
compatible  with  those  of  both  Gagn^  (1965/p261)  and  Ausubel  (Ausubei 
&  Robinson  1969/p27) ,  although  in  the  latter  case  at  least  there 
are  a  number  of  important  process  distinctions  (Ausubel  &  Robinson 
1969/p74) . 

Tennyson  and  Merrill  (1971)  also  recognise  certain  common 
orgemisational  characteristics  in  the  hier  rchical  schemes  of  Gagn6 
(1965)  and  Bloom  (1956),  and  compare  these  with  Merrill's  own 
learning  and  instructional  paradigm  (Merrill  1971).      With  respect 

•  19 
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to  the  aspect  of  learning ,  however,  this  model  is  little  more  than 

a  reclassification  of  GagnS's  original  scheme  ^  although  it  does 

involve  an  additional  dimension  of  emotional  behaviour,  axvi  distinguishe 

a  further  class  of  learning  at  both  the  psychomotor  and  lower  cognitive 

levels. 

Bruner's  general  models  of  learning  (1960)  and  instruction  (1966) , 
while  still  in  a  sense  hierarchical,  are  based  predominantly  on  the 
developmental  approach  initiated  by  Piaget  (1950) ,  and  are  concerned 
in  this  respect  with. the  gradual  transition  through  three  sequential 
stages  of  information  processing  -  enactive,  iconic  and  symbolic 
representation  (Bruner  1964) .      These  models  are  not  explicitly 
compatible  with  those  outlined  above,  at  least  in  terms  of  general 
organisational  structure,  but  still  incorporate  certain  conditions  of 
prerequisite  learning  and  transferability  which  are  consistent  with 
the  basic  principle  of  hierarchical  learning^,  

In  addition  to  the  common  characteristic  of  hierarchical 
organisation,  each  of  the  models  outlined  above  involves  the  postulation 
of  learning  transfer,  which  may  be  defined  in  general  terms  as  the 
influence  of  learning  in  one  situation  upon  subsequent  learning  in 
another.      Transfer,  in  fact,  is  an  essential  condition  for  any  model 
of  hierarchical  learning,  since  the  sequential  acquisition  of 
progressively  complex  skills  depends^ on  the  recollection  and 
application  of  previously  learned  abilities.      Although  applicable  by 
definition  at  any  behavioural  level,  this  type  of  learning  transfer 
assumes  particular  import2aice  with  the  higher  cognitive  skills,  which 
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involve  more  extensive  and  more  complex  prerequisite  abilities  than 
.  those  at  lower*^  levels  ♦ 


The  lower  categories  or  levels  of  learning  -  classified  "knowledge" 
in  Bloom's  Taxonomy  (1956),  and  probably  analogous  to  "rote  learning" 
(Ausubel- &  Robinson  1969).,  "memorisation"  (Merrill  1971),  "verbal 
association"  and  "multiple  discrimination"  (GagniS '1965;  see  also 
Tennyson  f-  Merrill  1971)  -  require  only  that  certain  specific 
information  be  recalled  in  the  same  situation,  or  another  very  similar 
to  that  in  which  the  learning  first  took  place.      These  skills 
obviously  involve  only  limited  application  of  specific  learning 
transfer.^     The  higher  forms,  however,  inv'olve  additional  characteristics 
of  abstraction  and  generalisation,  which  may  also  require  a  different 
type  of  learning  or  behavioural  transfer  to  that  involved  in  the 
process  of  hierarchical  acquisition.      It  may  be  useful,  therefore, 
to  examine  more  closely  the  whole  concept  of  learning  transfer,  and  ^ 
thus  to  clarify  its  role  in  the  acquisition  and  application  of  higher 
cognitive  skills.  ^ 

Gagn^  (1965)  distinguishes  two  different  types  of  behavioural 
transfer  -  generalisation  or  "lateral  transfer",  which  involves  the 
ability  to  recognise  and  apply  the  appropriate  'concepts  or  principles 
in  relatively  unfamiliar  situations,  and  facilitation  or  "vertical 
transfer",  in  which  the  acquisition  of  more  complex  skills  (though 
not  necessarily  different  in  the  taxonomic  sense)  is  facilitated  by 
incorporation  with  an  existing  cognitive  structure  of  related 
subdrdinate  capabilities.      Ausubel  differentiates  the  latter  into 


more  specif ig  categories  -  "sequential  transfer",  in  which  both  of 
the  relevant  skills  are  at  the  same  behavioural  level,  and  "vertical 
transfer",  which  defines  a  somewhat  different^  but  probably  overlapping 
situation  where  learning  at  one  behavioural  level  facilitates 
sxibcequent  learning  at  a  higher  level    ,{Au8ubel  &  Robinson  1969/pl38)  . 
sequential  transfer  seems    in  this  sense  to  refer  more  particuleurly 
to  the  higher  cognitive  skills  such  as  concept  and  principle  learning/, 
where  many  different  levels  of  complexity  may  be  defined  within  the 
same  basic  category  "of  cognitive  cibility.      Nevertheless  Ausubel^s 
distinction  between  vertical  and  sequential  transfer  is  probably 
unnecessary  on  theoretical  grounds,  since^both  by  definition  mediate 
the  acquisition  of  moi:e v complex  capeibilities. 

The  most  important  conditions  of  lateral  tremsfer  are  suggested 
by  Ga'gnfi  (1956/p232)  to  be  those  of  a  personal  or  internal  nature, 
and  probably  include  both  innate  and  acquired  capabilities.      It  is 
suggested,  moreover,  with  respect  to  acquisition, that  this  form  of 
transferability  is  in  part  a  function  of  the "breadth  or  variety  of 
pno's  experience,  and  may  be 'improved  to  this  extent  by  appropriate 
teaching  techniques.      Both  Ausubol  (1969/pl54)  and  Bruner 
{1960/p25)  advocate,  as  an  extension  or  alternative  to  this,  the 
teaching  of  general  principles  rather  than  specific  solutions  or 
skills,  and  Bloom  (1956/p38)  also  emphasises  the  acquisition  of 
"generalised  techniques"  as  art'  essential  bcmponent'   of  higher 
("intoJlectual")  learning  skills." 

The  conditions  of  vertical  and  sequential  transfer  are  generally 
similcir,  and  include  a  number  of  both  internal  (personal)  and  external 
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(situational)  characteristics.      The  latter  are  common  to  many  of 
.tho  hiqhcir-ordor  capabilities,  and  include  the  nature  of  material 
to  be  learned  (Ausubel  1969/pl42)  and  the  sequence  in  which  it  is 
presented  (Ausubel  1969/pl43;     Bruner  1960/pl3;    Gagng  1965/pl49) ,     ^  ^ 
the  quality  of  instruction  (Gagng  1965/pl46;    Carroll  1963),  and 
the  opportunity  or  time  allowed  for  learning  (Carroll  1963).  With 
respect  to  "internal  conditions,  Gagng  asserts (1962)  and  later 
reiterates  that  the  most  important  of  t^iese  is  the  "prior  learning 
of  pre-requisite  capabilities'*  .(1970),  while  Ausubel  similarly  > 
maintains  that  vertical  or  sequential  tremsfer  is  "largely  a 
function  of  the  relevance,  meaningfulness clarity,  stability^, 
integrativeness  and  explanatory  power  of  the  originally  learned 
subsumers"  (Ausubel  1968/pl61) *      These  characteristics  of  "cognitive 
structure"   (Ausubel  &  Robinson  1969/pl58)  are  related  in ^turn  to 
both  the  nature,  or  more  pcirticularly  the  "sequential  dependence" 
(Ausubel  &  Robinson  1969/pl42)  of  the  subject  material,  and  to  the' 
acquisition  sequence  of  relevant  cognitive  sjcills* 

It  IS  important  at  this  stage  to  emphasise  the  distinction  between 
intellectual  skills  and  verbalised  knowledge*      The  former,  alternatively 
called  "generalised  skills"  (White  1971)  or  "cognitive  strategies" 
(Gagnd  1%8)  ,  each  represent  a  genera^  class  of  individual  learning 
tasks,  while  olomontij  of  vcrrbalised  knowledge  define  single  or  specific 
abilities  at  a  lower  cognitive  level,  with  no  comparable  potential 
for  generalisation.      These  two  types  of  learning  may  be  illustrated 
with  examples  from  a  hierarchy  of  graphical  interpretation  skills 
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previously  examined  by  White  (1^71).      Thus  the  ability  to  rulQ  a 
tangent,  to  a  curve  at  any  specified  point  (p43)  represents  a 
relatively  complex  intellectual -skill ,  and  describes  an  almost  infinite 
rar^ge  of  individual  examples,  each  involving  a  different  type  of 
curve  or  point  of  contact.      On  the  other  hand,  however,  the  recognition 
of  ^  "second"  as  a  unit  of  time  (p42)    which  represent*  an  element  of 

verbalised  Jcnowledge,  involves  only  a  single  and^ quite  specific  task. 

f> 

In  establishing  the  theoretical  distinction  between  vet'balised 

> 

knowledge  anjd,  intellectual  skills,  Gagn^  (1968)  suggests  that  while 
elements  of  verbalised  knowledge  may  be  subordinate  to  related 
intellectual  skills,  they  do  not  share  with  each., other  the  same 
relationfjhip  of  positive  (vortical)  transfer'.      This  assertion  is 
empirically  substantiated  by  White  (I^71/p329) ,  who  concludes  from 
his  own  results  that  although  elements  of  verbalised  knowledge  may 
be  learned  apparently  without  prerequisites,  they  are  often  themselves 
prerequisites  for  the,  learning  of  generalised  or  intellectual  skills. 


ERiC 


It  follows  from  the  whole  discussion  above  that  the  principle 
of  hierarchical  learning  and  associated  general  conditions  of_ transfer 
aro  consistent  with  a  number  of  recent  learning  and  instructional 
models.      The  most  explicit  of  those  models,  however,  is  that 
proposed  by  Gagnd  (1965),  since  this  model  oxpro:5t>os  mnre  precisely 
than  the  othors  the  interrelationship  botwoon  complex  abilities  and 
subordinate  or  prnroquisito  skills,  although  the  degree  of  inter^ 
dependence,  initially  proposed  in  absolute  terms  (Gagn6  1962/p362) , 
would  appear  to  be  a  matter  of  individual  inte;:gj^etation  (see  White 

?d 
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^  1971/p327),      The  relative  precision  or  simplicity  of  Gagn^'s 
model  is  an  obvious  advantage  in  any  attempt  at  empirical  validation, 
^and  thus  most,  if  not  all  of  the  recent  research  on  aspects  of 
hierarchical  learning  has  been  related  to  this  framework.      It  seems 
appropriate,  therefore,  to  use  this  model  as  a  basis  for  the  present 
research  in  constructing  and  validating  a  hierarchical  network  of 
grapjiical  interpretation  skills,  and  examining  some  of  the  conditions 
^  yhich  may  affect  the  acquisition  sequence  of  these  skills.      Thus  the 
,  following  section  is  concerned  with  the  application  of  Gagnd's  model 
to  the  problem  of  hierarchical  construction,  euid  Section  3' presents 
a  summary  of  relevant  research,  on  empirical  validation,  together 
with  other  associated  aspects  of  hierarchical  learning. 

^ 

2.     The  Application  of  Gagng's  Model  to  the  Construction  of 
Learning  Hierarchies 

It  follows  in  Gagnd's  model  of  learning  from  the  nature  and 
conditions  of  vertical  transfer  that  any  group  of  logically  related 
skills  can  b^  arranged  in  $c  hierarchical  sequence  or  structure,  such 
that  each  of  these  capabilities  is  intrinsically  dependent  on  the 
mastery  of  its,  subordinate  skills.      Thus  any  complex  skill  may  be 
gradually  resolved  by  logical  task  analysis  to  produce  a  series  of 
progressively  simpler  subordinate  skills,  which  in  theory  should 
generate  "a  substantial  amount  of  positive  transfer"  (Gating  1968)  to 
the  learning  of  subso<juent  cap.ibilities.      This  system  must  inevitably 
involve  s^iveral  different  levels  of  leai:ning  behaviour  if  the 
terminal  skill  is  extended  to  its  simplest  possible  subordinates, 

/  25 
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although  many  experimental  hierarchies  haveTbeen  restricted  to  the 
levels  of  concept  and  principl«5  learning  (involving  only  intellectual- 
skills)  ,  which  may  in  theinsel4|es  incorporate  multiple  levels  of  i 

.  cojH^lexity*  .  ^ 

^  Perhaps  the  most  important",  implic^ition  of  this  model  is  that 
the  resultan<>  theoretical  learning  hieraurchies  are  readily  subjected 
to  empirical  validationr  thus  emphasising  the. relative  applicability 

iof  Gagne's  (1965)  model,  at  least  in  the  experimental  sense,  over  those 
of  Ausubel  (1968)  and  Bruner  (1960;  1966).      Empirical  research  on  the 
construction  and  validation  of  learnin-^  hierarchies,  initiated  in 
recent  years  by  Gagne  and  his  associates  (Gagne  &  Paradise  1961; 
Gagne  1962;  Gagne  et  al  1962;  Gagne  &  Bassler  3,963),  has  already 
revealed  considerable  information  on  the  acquisition  pathways  of 
certain  scientific  and  mathematical^  skills,  and  has  also  produced 
a  number  of  important  methodological  developments.      The  outline 
presented  below  examines  several  different  areas  of  empriasis  in  this 
research,  in  order  to  show  the  diversity  of  approach  and  to  illustrate 
a  few  of  the  more  important  methodological  problems. 


/ 


3*    Experimental  Res'earoh  on  Leeirning  ^ Hierarchies 

The  predominant  areas  of  interest  in  research  on  leeurning 
hierarchies  have  probably  been  those  of  construction  cind  empirical 
validation,  and  thifs  emphasis  is  reflected  in  a  number  of  recent  reviews 
(Capie  &  Jones  1971;  Re^nick  &  Wang  1969;  White  1971;  Walhesser  & 
Eisenberg  1972)        Associated  aspects  of  this  rcsea/.ch,  to  be  elaborated 
at  a  later  stage,  include  various  teaching  and  testing  techniques,  a 
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relatively  limited  range  of  scientific  and  mathematical  topics,  and 
-a  somewhat  broader  spectrum  cf  student  age  and  academic  level.  In 
terms  of  methodological  interest,  however,  the  problems  of 
construction  and  validation  would  seem  most  relevant'  to  this  study., 
emd  hence  these  aspects  of  research  are  examined  more  extensively 
below/ 


(A)    Construction  of  Learning  Hierarchies       ^  * 

A 

The  initial  definition  or  construction  of  learning  hierarchies 
may  be  achieved  by  a  nximber  of  diffe-^ant  methods,  the  most  popular  of 
which  is  probably  Gagn^'s  task  analysis  model"  (see  Gagn6  &  Paradise 
1961).      This  involves  firstly  defining  the  terminal  skilX#  then 
asking  the  question  "*What  would  the  individual  have  to  know  how  to 
do  in  order  to  be  able  to  achieve  this  (new)  task,  when  given  only 
instructions?'".      By  successive  Applications  of  this  technique, 
any  complex  intellectual  skill ^a^^^fae  gradually  broken  down  to  produce 
a  hierarchical  network  of  simpler' subordinate  skills.      Merrill  (1971) 
outlines  an  alternative  approach  to  the  construction  of  learning 
hierarchies,  bafjcxl  on  an  information  processing  model.      lie  claims, 
however,  that  neither  this  i^cr  Gagne'^s  task  analysis  procedure  are 
individually  suf f ici^Hit^or  every  type  of  intellectual  task. 

An  experimental  method  of  construction  reported  by  Smith  (1970) 
involves  the  hierarchical  rating  by  difficulty  level  of  supposedly 
related  items  from  a  general  question  pool,  and  defining  on  the  basis 

this  analysis  the  appropriate  intellectual  skills  associated  with 
each  resultant  question  group,     ^his  method  falsely  presupposes. 
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howovor,  that  a  diffcrcnfjo  in  item  difficulty  level  reflects  a 
positive  hierartChical  relationship  between  respective  skills,  and 
thus  the  model  is  logically  unsound,     -White  (1971/pl26) ,  for  example, 
establishes  a  hierarchical  connection  between  two  related  skills 
of  graphical  interpretation  in  which,  cor^trary  to  general  expectations, 
the  higher  skill  is  apparently  easier  ^han  the  specified  prerequisite. 

Alternative  experimental  procedures  (see  Walbesser  &  Eisenberg 
1972)  include  both  student-generated^ and  instructor-generated  systems, 
and,  an  additional  combination  of  both.      It  seems,  however,  that 
"experf'-gencrated  hierarchies  (see  Gagn^  &  Paradise  1961)  are  not 
necessarily  ecjuivalent  to  those  produced  by  students  for  the  same 
terminal  skill  (Walbesser  &  Eisenberg  1972)  ,  though  as  yet  there  has 
been  no  systematic  research  on  tJie  relative  rates  and  patterns  of 
acquisition.      This  information  is  consistent  with  Gagn^'s  (1968) 
assertion  that  a  logically  constructed  learning  hierarchy  does  not 
necessarily  represent  the  most  appropriate  acquisition  sec[uence, 
and  may  also  substantiate  Ausubel's  (1968;fp45)  distinction  between 
the  logical  ( "  substantive)  and  psychological   (or  meaningful)  structure 
of  knowledge  (see  also  Ausubcl  &  Robinson  1969/p53). 

Of  the  various  methods  outlined  above  for  the  construction  of 
learning  hiorcirf:hios,  Gagnd's  task. analysis  model  is  probably  the 
simplest  and  most  practical  technique.      As  yet  there  is  no  conclusive 
ovidencp^-from  comparative  studies  to  suggest  that  the  more  complex  or 
sophisticated  methods  are  in  any  way  superior,  or  that  the  task  analysis 
model  i3  in  itself  inadequate.      fftis  evidence,  however,  could  not  be 
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obtained  without  a  sound  validation  te^hnigue,  and    as  explained 
in  the  following  section,  none  of  the  validation^tetrhnigues  yet 
produced  could  be  accepted  without  seme  critical  or  cautionary^ ^ 
cccmnent* 

(B)    Validation  of  Learning  Hierarchies 

Approaches  to  the  validation  of  learning  hierarchies  have  in 

general  followed  one  of  three  basic  patterns.      The  first  of  these, 

used  by  Gagn^  and  his  associates  in  their  ecirly  experimdn^  (Gcign^ 

r 

&  Paradise  1961;  Gaghg  et  al  1962;  Gagn^  &  Bassler  1963),  and  later 
by  Capie  &  Jones  (1970)  ,  Gray  (1969) ,  and  Wiegand  (1970) ,  examines 
the  relationship  of  positive  transfer  to  a  single  terminal  skill 
from  a  comprehensive  group  or  system  of  subordinate  skills.    ,  An 
alternative  method  (see  Resnick  &  Wang  1969;  Wang,  Resnick  &  Boozer 
1970)  involves  the  analysis  of  integral  learning  sequences,  while 
the  third  examines  independently  each  postulated  step  between  two 
hierarchically  related  capabilities.      The  latter  procedure  is  used 
by  Glsen  (196o)  ,  Haven  (1967/8),  Smith  (1970)  and  White  (1971). 
Each  of  these  approaches  demands  a  different  type  of  statistical 
validation  technique,  and  although  a  Vciriety  of  techniques  have  been 
siaggested,  most  are  either  inadequate  or  inappropriate  for  this  purpose 

Perhaps  the  siniplest  of  statistical  validation  techniques  is 
that  adopted  by  Olsen  (1968)  and  Raven  (1967/8) ,  which  involves  a 
comparison  of  item  difficulties  between  pairs  of  supposedly  related 
individual  skills.      This  method  is  based  on  the  same  false  rationale 
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as  that  proposed  by  Srtith  (1970)  for  the  construction  of  learning 
hierarchies,  and  is  also  rejected  on  logical  grounds  by  White  (1971) , 

since  a  difference  in  item  difficulty  levels  need  not  necessarily 
reflect  a  positive  hierarchical  relationship  between  respective 
capabilities. 

The  measure  of  "proportion  positive  transfer"  introduced  by 
Gagne  and  Paradise  (1961)  is  based  on  the  four-fold  correlation 
matrix  shown  in  Table  1/1.      This  is  examined  in  detail  by  White 

(1971)  and  subsequently  rejected  as  an  impractical  and  misleading 
index,  since  at  best  it  merely  reflects  a  positive  correlation  between 
the  relevant  skills,  cind  the  values  which  might  be  expected  for 
independent  skills  are  often  relatively  high.      A  modification  of 
this  technique  by  the  Commission  on  Science  Education  for  the  Amprican 
Association  for  Advancement  of  Science  (see  Walbesser  &  Eisenberg 
1972)  involves  the  calculation  of  three  complementary  indices  frcHn 
the  same  basic  correlation  table.      Subsequent  variations  on  this 
technic^e  are  provided  by  Capie  &  Jones   (1970)  with  the  addition  of 
a  "necessity  ratio",  and  independently  by  Walbesser  and  Eisenberg 

i 

(1972)  with  two  further  complementary  indices.      The  Phi  and  Phimax 
coefficients  attributed  to  Carroll  (see  Resnick  &  Wang  1969)  are 
also  based  on  a  similar  matrix  model.      Each  of  the  indices  mentioned 
above  is  defined  in  Table  1/1.      Although  commonly  used  in  other  recent 
studies  (Kane^McDaniel  &  Phillips  1071,  Gray  1969)  these  methods  all 
suffer  from  certain  basic  deficiencies  -  none,  for  example,  can 
account  for  errors  of  measurement,  or  indicate  levels  of  significance 

•for  observed  deviations  from  ideal  or  expected  behaviour- 
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TABLE  1/1  ^ 
Correlation  Matrix  Indices  for  the  Validation 
of  Learning  Hierarchies 

Superordinate  skill 
+ 

A  =  {+,+) 

Subordinate  Skill 
(or  set  of  s,kills) 


INDEX 

SOURCE 

Title 

Measure 

Gagn6  &  Paradise 

Proportion  Positive 

A+D 

(1961) 

Transfer 

A+B+D 

* 

A. A. A* Si  CoinmiSsiDn  on 

Consistency  Patio 

A 

Science  Education  (from 

A+B 

Walbesser  &  Eisenberg 

Adequacy  Ratio 

A 
A+C 

1972) 

Cc«npleteness  Ratio 

"  _A_ 

A+D 

Capie  &  Jones  (1970) 

Necessity  Ratio 

D 

B+D 

Walbo.sser  &  Kisonberg 

Inverse  Consistency 

D 

(1972) 

Ratio- 

C+D 

Inverse  Adequacy 

Ratio 

D 

B+D 

Carroll  (See  Resnick  St 

Phi/phimax 

AD-BC 

Wang  1969) 

coefficients                               ^""^^^  ^^"^^^ 

Smith  (1970) 

Decision  Rule 

B<h  C 
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A 

D 

B 

B  =  (+,-). 

c  =  (-,+) 
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D  =  <-,-) 


20 

A  variation, reported  by  Smith  (1970)  on  the  single  index 
validation  method  involves  the  use  of  five  questions  to  test  each 
skill,  with  an  arbitrary  criterion  for  mastery  set  at  four  correct 
responses.      The  subse.^uent  analysis ^is  based  on  the  same  informational 
table  as  that  discussed  above  (see  Gagne  &  Paradise  1961),  but'in 
this  case  is  applied  to  various  combinations  of  individual  skills. 
The  critical  proportion  of  observed-  exceptions  to  any  postulated 
hierarchical  sequence  is  set,  as  in  all  of  the  methods  outlined  above, 
by  intuitive  or  arbitrary  definition.      Thus,  although  this  system 
may  account  fo  some  extent for  potential  errors  of  measurement,  it 
still  provides  no  measure  of  significance  by  which  to  accept  or  reject 
any  postulated  hierarchical  relationship. 

The  Guttman  model  of.  Scalogram  Analysis  (Guttman  1944)  is 
discussed,  together  with  various  modifications,  in  a  number  of  recent 
reviews  (Resnick      Wang  1969;  Wang,  Resnick  &  Boozer  1970;  Walbesser 
&  Eisenberg  1972).      These  methods,  however,  are  not  extensively  used 
for  hierarchical  validation,  since  they  can  only  be  applied  to  linear 
sequences  of  skills    (which  are  seldom  achieved  in  practical 
situations) , and  provide  no  means  to  distinguish  between  subordinate 
and  co-ordinate  relationships  (Walbesser  &  Eisenberg  1972} .  The 
Walbesser-Eisenberg  (1971)  technique  and  associated  variations  are 
also  pr6ne  to  the  latter  limitation  (Capie  &  Jones  1971) ,  more 
particularly  if  they  are  used  with  pairs  of  single  skills,  rather 
than  applied  to  ccmposite  groups. 

TheNtest  of  hierarchical  dependence  developed  by  White  and  Clark 
(White  1971,  White  &  Clark  1973) ,  which  accounts  for  errors  9f 
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measurement  in  determining  the  probabilities  associated  with  acceptance 
or  rejection  of  postulated  learning  sequences,  is  probably  the  most 
useful  technique  in  thi^^field.      This  method  is  free  from  most  of 
V  the  limitations  inherent  in  the  earlier  models,  and  with  certain 
reasonable  approximations  is  reduced  to  a  relatively  simple 
computational  procedure.      The  same  model  is  used  (with  minor 
modifications)  as  the  basis  for  several  validation  experiments 
incorporated  in  this  project,  coid  will  therefore  be  discussed  more 
extensively  in  a  later  section. 

(C)     Teaching  and  Testing  Techniques 

The  teaching  and  testing  techniques  associated  with  hierarchy 
validation  experiments,  which  are  to  scxne  extent  determined  by  the 
selection  of  statistical  procedures,  have  also  shown  some  interesting 
developmental  differences.      Written  instructions  are  probably  the 
rule,  though  not  without  exception  (see  Smith  1970,  Capie  &  Jones  1970, 
Olsen  1968,  Resnick  &  Wang  1969),  and  these  are  often  presented  in 
some  form  of  individual  learning  programme  (for  example  see  Gagn^  & 
Paradise  1961,  Gagnd  &  Bassler  1963,  Kolb  1967/8^Gray  1969,  White  1971) 
The  testing  matet'ials  are  generally  concentrated  at  the  end  of  the 
learnii'g  sequence  (Gagn^  &  Paradise  1961,  Gagn^  et  al  1962,  Kolb 
1967/8)  aiKi  may  even  be  delayed  scxne  time  beyond  this  stage  (Okey  1968) 
but  evidence  of  randcmi  forgetting  with  respect  to  lower  elements 
(Gagn<5  &  Bassler  1963)  substantiates  the  approach  adopted  more  recently 
by  White  (1971)  in  which  appropriate  questions  are 'incorporated 
within  the  learning  programme. 
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(D)    Subject  Areas,  Age  and  Academic  Level 

The  range  of  subject  areas  in  experiments  on  learning 
hierarchies  has  so  far  been  restricted  to  a  relatively  small  selection 
of  mathematical  topics  (Gagh^  &  Paradise  1961;  Gagnd  et  al  1962; 
Gagn5.,&  Bassler  1963;  Kane,  McDaniel  &  Phillips  1971;  Resnick,  Wang. 
St  Kaplan '1970;  Wang,  Resnick  6  Boozer  1970),  and  associated  areas  of 

^)^lysical  science  (Gray  1969;  White  1971;  Wiegand  1970;  Capie  &  Jones 

^  ■  \ 

1970)\      These  two  subject  areas  both  possess  a  strong  substantive 

or  logicebl.  structure,  and  therefore  seem  more  likely  to  be  consistent 

with  this  type  of  learning  model.      On  the  other  hand,  however,  the, 

same  validation  studies  have  included  a  much  more  representative 

range  of  student  age  and  academic  level,  with  a  nxamber  of  pre-school 

studies  (for  example  see  Resnick  1967;  Wang,  Resnick  &  Boozer  1970) 

augmenting  those  at  higher  levels  (Gagn^  &  Paradise  1961;  Gcgn^  & 

Bassler  1963;  Gray  1969;  White  1971;  Wiegand  1970;  Capie  &  Jones 

1970).  ' 

In  spite  of  certain  methodological  weaknesses,  most  of  these 
studies  on  hierarchical  learning  have  produced  results  consistent 
with  Gagn^'s  theoretical  model.      Moreover,  the  evidence  against 
this  model  is  either  openly  inconsistent  (see  Merrill  1965;  Merrill, 
Barton  &  Wood  1970)  or  rendered  inconclusive  through  basic 
methodological  flaws  (White  1971/p23-25) .      It  seems, therefore ,  that 
the  model  is  basically  soured,  but  the  limitations  in  scope  and 
methodological  deficiencies  in  most  of  the  previous  studies  suggest  ^ 
a  need  for  more  extensive  research  on  the  nature  and  conditions  of 
hierarchical  learning. 
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Apart  from  this  general  objective,  the  present  research  is  also 
concerned  with  the  practical  implications  of  specific  curriculxim  ^ 
studies  in  science  and  mathematics  -  more  particularly  wit^i  basic  skills 
of  graphical  interpretation,  a  topic  which  is  relevant  to  both  of  these 
subject  areas.      Graphical  interpretation  skills  have  a  position  of 
recognised  importance  in  both  local  and  international  curriculum  studies 
and  this  position  ensures,  at  least  to  seme  extent.,  the  practical 
significance  of  any  relevant  research.      In  addition  these  skills  are 
often  presented  in  hxerarchial  or  sequential  form,  an  approach 
consistent  with  the  model  adopted  above,  yet  the  logical  inconsistency 
of  presentation  sequence  in  different  curriculum  programmes  implies 
a  need  for  empirical  validation  of  a  comprehensive  learning  hierarchy 
to  substantiate  or  replace  the  current  courses.      This  theme  is  expanded 
in  Chapter  II,  which  establishes  in  detaii  the  practical  importance 
of  graphical  interpretation  skills,  then  examines  the  variation  in 
sequence  and  approach  to  the  teaching  of  these  skills,  and  finally 
presents  an  outline  of  relevant  research  as  d  basis  for  the  subsequent 
development  of  a  comprehensive  learning  hierarchy. 


24 


CHAPTER  II 


AN  ANALYSIS  OF  GRAPHICAL  INTERPRETATION  SKILLS 
RECOGNITION,  APPLICATION  AND  RESEARCH 
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1.    The  Practical  Importance  of  Graphical  Interpretation  Skills 

The  ever-increasing-use- of- graphical  techniques  for  both 
scientific  and  statistical  cprrmunication  has?. established  the  status 
associated  interpretative  skills  as  a  fundamental  aspect  of 


general^  curriculum  studies. '    Riggs  (1966)  cites  a  number  of  national 
(Amer ic an) >^ curriculum  experts  to  sxibstcuitiate  this  position,  and 
similar  views-  have  often  been  expressed  by  both  local  (Blrichford 
1971,  1972;    Cleaves  1972)  and  international  authorities  (Butler, 
Wren  &  Banks  1970/p217;    Grobman  1969).      The  importance  of  graphical 
interpretation  skills  is  now  recognised  in  a  practical  sense  by 
educational  organisations  and  authorities  throughout  the  world,  and 
this  is  shown  in  many  curriculum  progr'ammes  and  associated 
examinations.      Nevertheless  there  is  an  increasing  amount  of  evidence 
from  recent  testing  progranwes  that  these  techniques  are  often  .poorly 
understood/  and  thus  by  implication  poorly  taughtt     .Common  learning 
difficulties  with  respect  to  these  abilities  are  reflected  in  a 
number  of  local  high  school  curriculvim  examination  results,  and  on  a 
broader  scaio  in  both  national  and  international  subject  achievement 
tests. 

An  analysis  of  V.U.S.E.B.   (Victoria(i  Universities  and  'Schools 
Kxaminations  Board)    Leaving  and  Higher  School  Certificate 
(Matriculation)  examinations  (see  Table  2/1  below)  in  Physics, 
Chemistry  and  Biology,  which  constitute  the  ma jor  scientific  discipline 
studied  at  this  level,  indicates  the  relative  importance  of  graphical 
interpretation  skills  throughout  the  past  five  years.      Both  Physics 
and  Biology  examinations  have  maintained  a  considerable  proportion 
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TABLE  2/1 

Questions  on  Graphical  Interpretation  in 

y 

V>U>S>E>B>  Leaving  and.H>S>C>  (Matriculation) 
Examination  Papers  (1968-1972) 


SUBJECT 


LEVEL 


YEAR 


LEAVING 


H  •  S  •  G  • 


Number  of 

Questions 

Number  of 

Questions 

Graphical 

Total 

Graphical 

Total 

*rny  » 

7 

4S  / 

Tin 

1970 

7 

24 

28 

108 

1971 

9 

25 

39 

io9 

1972 

27 

31 

107 

Chemistry 

1968 

1 

16 

i 

49 

1969 

2 

14 

0 

50 

1970 

1 

13 

0 

49 

1971 

.     ■  1 

13 

0 

48 

1972 

2 

10 

0 

39 

Biolfxjy 

lOGB 

8 

43 

4 

37 

1  OGO 

4 

42 

4 

"!  36 

IT/O 

4'*) 

2  ^ 

1 

* 

1  ')7  1 

10 

47. 

4 

12 

47 

;7 

ERIC 


8 
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of  questions  related  to  graphicjal  skills,  while  in  Chemistry  the 
number  iDf  graphical  questions  has  been  relatively  small. 

Item  analysis  information  based  on  the  results  of  these 
examinations  (see  Mackay  1969(a),  1970(a),  1971,  White  1972(a)  for. 
Leaving  Physics;    Mackay  1969(b),  1971,  White' 1972  (a)  for  H.S.C. 
Physics;    Batten  &  Mackay  1969,  1970,  1971,  White  1972(b)  fgr  Leaving 

.  -v 

Biology)  reveals  that  qi^estions  of  graphical  interpretatidn  are  often  ^ 

j 

among  the  most  difficult  in  their  respective  papers,  and  this  is 
reiterated  in  examiners'  reports  (V.U.S.E.B.  Reports  of  Examiners 
for  Leaving  and  H.S.C.  examinations  1968^1972).      This  Hoes  not 
necessarily  reflect  a  corresponding  level  of  difficulty  for  specific  ' 
graphical  interpretation  skills, ^ince  many  of  these  questions  are 
of  a  composite  nature,  but  the  v^ight  of  correlative  evidence  certainly 
indicates  some  difficulty  with  the  relevant  iiiterpretative  skills. 

The  ability  to  understand  and  to  "translate  between  verbal, 
symbolic,  tabular graphical,  diagrammatic  and  pictorial  ^aterlal" 
is  an  important  and  explicit  objective  for  the  Commonwealth  Secondary 
Scholarship  EXctmina-tlons  tAustreilian  Coupcil^^for  Educationar  P^<=<??2:ch 
1967)   in  both  Quantitative  Thinking,  and  Comprehension  and  Interpretation 
in  the  Sciences.     *A  review  of  relevant  C.S.S.E.  p^pefs't^ee  Table  2/2 
'below)  ,  which  aro  V^'^-'^ented  in  every  state  *at  the  intermediate  high 
school  yOar,   indicates  again  the^portance  attributed  to  graphical 
interpretation  skills.      Item  analysis  results  from  c4iese  examinations 

V  t 

(A.C.E.R.  -  unpublished  confidential  information)  show  general 

i  *  *•» 

^  .V  .     -  ? 

fluctuations  in  (Hfficulty  levels  for  particular  questions  from  -state 


to  state,  but  at  the  same  time  emp}iasise  a  p^ecjcmiinantly  ppo^  ^ 


TABLE  2/2  ^ 

Questions  on  Graphical  Interpretation  in 
Corttmonwerflth  Secondary  Scholarship 
Examination  Papers 
(A.C.E.R.  X964-1972) 


YEAR' 


S  U  B  J  E-C  T 


COMPREHENSION  AND  V 
.INTERPRETATION     (SCIENCE) . 


QUANTITATIVE 
THINKING 


Nxiiiiber  of  Questions 

.[^ber  of  Questions 

(3;7at)hical 

Total 

Graphical 

Total 

'  19.64 

8 

7  4 

3  , 

64 

1965 

0 

71 

7  ■ 

60 

1966  - 

9 

70 

.  10 

61 

i967' 

64, 

•  7 

t  60 

1968 

11 

65 

;  -° 

61 

1969 

18 

,62 

4 

61 

1970 

15 

•"60 

\  .4 

61 

1971 

14 

66 

2 

62 

1972 

13 

63  , 

S 

62 

40 
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* 

performance  in  both  subjects  on  questions  of  graphical  interpretation. 

The  I.E.A.   (International  Association  for  the  Evaluation  of 
Educational  Achievement)  cognitive  achievement  tests  in  science  (AX.E.R. 
1970)  and  mathematics  (A.C.E.R.  1964),  which  have  been  conducted 
"at  various  equivalent  levels  in  twelve  .countries  throughout 'the  world, 
incorporate  scxnewhat  fewer  questions  on  graphical  interpretation 
(Table  2/3)  than  most  of  the  tests  discussed  above,  although  many  of 
the  relevant  skills  are  rated  as  important  specific  objectives  in 
mathematics  (Keeves  1966)  for  both  the  thirteen-year  old  (Tests  A-C) 
and  pre-university  (Tests  5-9)  student  populations.  Evaluative 
information  for  the  science  testing  programme  has  not^  yet  been  ^ 
released,  but  the  results  for  mathematics  indicate  t1iat~l"evfels  of 
achievement *^in  Australia  (Keeves  1966)  for  particular  questions  involving 
graphical  interpretation  skills  are  in  general  subs^ntially  lower 
than  the  corresponding  international  average  (HusSn  1967) ,  although 
Keeves  and  Radford   (1969)  suggest  that  by^i  international  standards 
the  overall  results  for  Australian  students  are  also  relatively  low/ 
The  tests  in  mathematics  were  conducted  several  years  ago,  but 
substantiating  evidence  above  from  both  local  and  national  examinations 
suggests  that  the  general  understanding  of  graphical  interpretation 

o 

skills  has  probably  not  improved  in  recent  years-      Thus  accepting 
the  practical  importance  of  this  area,  we  must  now  exanfCne  more 

closely  the  methods  of  approach  by  which  these  skiXls  are  taught, 

/ 
* 

I 

2.    The  Teaching  of  Graphical  Interpretation  Skills 

»  '  1 

The  teaching  of  graphical  interpretation -skilli^  is  by  no  means 
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.TABLE  2/3        .  .  ^ 

Questions  on  Graphical  Interpretation 
in  I.E^A,  Cognitive  Achievement  Tests 
(A.C.E.Rv    1964,  1970) 


30 


• 

MATHEMATICS^  (1964) 

SCIENCE  (1970) 

- 

Questions 
Total 

TOPIC 

Graphical 

Total 

TOPIC 

Graphical 

Test  A 

1 

23 

General 

B 

3 

24 

Science  II  A 

2  • 

40 

C 

1 

23 

B 

0 

40 

5 

3 

21 

General 

6 

0 

17 

Science  IV  A 

4 

7 

1 

17 

B  ' 

30 

8 

0 

16 

9 

2 

15 

Physics  ' 

0  ' 

40 

Chemistry 

4 

40 

i 

Biology 

5 

40 

42 
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confined,  in  spite  of  certain  ccinmon  objectives,  to  a  single  or 
uriifoxm  approach,  and  the  actual  diversity  of  cipproach  is  probably 
best  reflected  in  a  systematic  analysis  of  current  local  and  overseas 
curriculum  progrananes.      These  courses  of  instruction- may  be 
conveniently  classified  into  two  basic  categories^  ^  (a)  General 
courses,  usually  incorporated  in  the  mathematics  curriculum  and 
introduced  at  the  primary  or  elementary  stage,  and  (b)  Service 
courses,  which  are  typically  associated  with  one  of  the  scientific 
studies,  and  presented  at  a  sc»newhat  later  stage  of  intermediate 
(junior  high  school)'^  or  secondary  education.      General  courses  on 
graphical  interpretation  are  included  in  all  Australian  state 
primary- mathematics  curricula  (for  example  see  Education  Department/ 
Victoria,  (1965-1969) ,  Queensland  (1966rlS68) ,  South  Australia 

(1969-1971)  for  curriculum  outlines),  the  S.M.S.G.  Elementary 

15, 

Mathonatics  Program  (School  Mathematics  Study  Group  1962)  and  in 
the  Nuffield  Mathematics  Project  (1969) .      Service  courses  are 
produced  by  the  Intermediate  Science  Curriculum  Study  (1970) ,  Biologic 
Science  Curriculum  Study  (1970)  and  Australian  Science  Education 
Project  (1972)  to  complement  their  ros[>ectivc  scientific  programmes. 
An  analysis  of  these  courses  is  outlined  in  Table  2/4. 

\ 

A  comparative  review  of  these  instructional  courses  or  programmes 
reveals  a  number  of  interesting  and  important  differences.  Despite 
the  claim  by  Smith  (1970)  that  "the  treatment  of  graphs  in  'the 
primary  mathematics  program  often  lays  the  main  stress  on  construction 
work",  several  of  these  programmes  (Ed.  Dept./Qld.,  Nuffield  (2), 
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TABLE  2/4 

Courses  of  Instruction  on  Graphical  Interpretation 


Pr  ogr  awme/Cour se 


Stage  of 
Introduction 

Predominant 
Approach 

Graphical 
Forms 

Education  Dept. 

early  primary 

Deve\q]giisiental 

Bar,  Line,  Circle, 

(Victoria) 

grades  (1-3) 

Picture  graph 

Education  Dept. 

early  primary 

Hierarchical 

Bar,  Line,  Circle, 

(Queensland) 

grades  (1-3) 

Picture  graph 

Education  Dept. 

grade  3 

Hierarchical 

Bar,  Line,  Circle, 

(Sth.  Aust.) 

Picture  graph 

Nuffield  (1) 

early  primary 
grades  (1-3) 

Develjwiental 

Bar,  Line,  Circle, 
Picture  graph 

Nuffield  (2). 

middle  primary 
grades  (3-5) 

Hierarchical 

Line  graph- only 

S.M. S.G. 

grade  6 

Hierarchical 

Bar,  Line,  Circle, 
Picture  graph 

early  High 
School  grades 
(7-9) 

Hierarchical 

Line  graph  only 

B.S.C.S. 

middle  High 
school  grades 
(9-11) 

Hierarchical  . 

Line  graph  only 

A. ^.E.P. 

early  High 

Hierarchical 

Line  graph  only 

(National 

school  grades 

\ 

Trial  Unit) 

(7-9) 
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S,M,S*G,)  deal  only  with  interpretative  skills,  and  the  other  * 
General  courses  also  emphasise  this  area.      In  contrast  with  this, 
however,  the  Service  courses  (I.S.C.S.,  B.S.C^S,,  A^S.E.P,)  are 
directed  more  toward  constructional  techniques,  which  are  generally 
thought  to  involve  a  different,  though  probably  overlapping  'set  of 
skills,  ^ 

The  numerical  range  used  in  graphical* exercises  throughout  the 
General  courses  often  lags  well  behind  the  int;r6duction  of  more 
complex  and  extensive  nvimber  sjtstems  in  other  sections  of  the  primary 
curriculum,  and  even  the  high  school  Service  courses  are  restricted 
to  relatively  simple  number  systems.      There  are,  however,  certain 
differences  with  respect  to  numerical  range,  which  may  involve 
either  integral  or  rational  numbers  of  different  degrees  in 
magnitude,  depending  on  the  course  and  level.      Although  negative 
numbers  occur  in  the  S.M.S.G.  programme,  these  are  rarely  used  in 
introductory  graphical  exercises. 

The  introductory  vocabulary  of  specific  graphical  terms  (such 
as  "horizontal",  "vortical" , "co-ordinate"  and  "axis")  is  generally 
fairly  limited  in  the  primary  or  General  programmes,  particularly 
at  the  lower  grades,  but  seems  to  be  more  extensive  in  the  high 
school  Service  courses,  which  often  cover  more  sophisticated  skills. 
In  contrast  with  this,  however,  the  range  of  informational  models 
or  examples  is  usually  more  extensive  in  the  General  courses  listed 
above.      The  range  of  graphical  forms  is  also  wider  in  these  programmes 
(see  Table  2/4)  ,  which  in  general  cover  all  four  basic  models 
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recommended  by  Dutton  &  Riggs  (1969),  while  the  Service  courses  are 
concerned  only  with  the  two-dimensional  line  segment  graph.  This, 
according  to  Weintraub  (1967),  is  "one  of  the  most  difficult  of  all 
graphic  forms  to  interpret",  though  it  is  also  by  far  the  most 
common  and  versatile  form. 

The  programmes  or  courses  outlined  above  involve  two  different 
types  of  approach  to  the  teaching  of  graphical  .interpretation  skills. 
The  Developnental  approach,  which  is  used  in  the  Victorian  state 
curriculum  and  one  of  the  Nuffield  programmes  (see  Table  2/4)  ,  is 
based  on  Piaget's  (1950)  theoretical  model  of  developmental 
psychology,  and  emphasises  the  gradual;;, transition  from  simple 
operations  with  concrete  objects  to  the  ^stract  representation  of 
more  complex  statistical  data.  Thus  the  section   on  "Statistics  and 
Graphs"  in  the  Victorian  state  curriculum  begins  with  relationships 
between  real  or  tangible  objects,  and  proceeds  through  various  stages 
of  symbolic  representation,  initially  with  the  same  set  of  three- 
dimensional  objects  (such  as  beads) ,  and  subsequently  with  two- 
dimensional  symbols  (bars  or  strips  of  paper),  to  a  later  series  of 
exorcises  in  moio  abstract  pictorial  representation  (Applied  Number/ 
Sections  A-C  1969,  D-F  1969;    Mathematics/Sections  G  1968,  H  &  I 
1969) . 

The  Hierarchical  approach,  which  is  adopted,  in  the  other  General 
courses  and  all  the  high  school  Service  programmes  (see  Table  2/4), 
follows  Gagn^'s  type  of  learning  model,  and  concentrates  on  a  logicall 
defined  sequence  of  more  specific  and  progressively  complex  graphical 
skills,  all  of  which  typically  involve  seme  form  of  abstract 
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re^]^esentation.      The  S^M.S.G.  prograntme  (Grade  6  (part  2)  /  Section 
5,  1962),  which  follows  this  approach,  begins  with  number-lins 
examples,  and  progresses  through  plane  rectangular  co-ordinates  to 
displacement  calculations,  and  subsequently  to  gaoraetric  translations 
and  reflections. 

These  two  approaches  are  not  completely  incompatible,  but^  rather 
reflect  a  differential  emphasis,  which  may  in  part  be  a  feature  of 
the  age  or  academic  level  at  which  the  respective  types  of  programme 
are  introduced.      If  the  Hierarchical  model,  for  example,  is 
extended  to  its  simplest  subordinate  levels  of  representational 
ability,  the  lowest  skills  may  well  resemble  the  introductory  activities 
proposed  in  the  Developmental  programmes.      Most  of  the  Hierarchical 
courses,  however,  are  limited  to  more  sophisticated  levels  of  abstract 
representation,  in  which  there  is  a  greater  capacity  for  generalisation, 
and  hence  a  greater  opportunity  for  practical  application  of  the 
relevant  interpretative  skills.      It  seems  appropriate,  for  similar 
roarjons,  that  the  present  research  is  also  concerned  with  more 
versatile  intolloctual  skilJs,  and  ^us  remains  consistent  with  the 
principle  of  hierarchical  learning  on  which  most  of  these  courses 
are  based. 

One  of  the  mof;t  important  features  of  the  hierarchically  based 
programmes,  however,  is  that  each  of  those  outlined  in  this  analysis 
presents  a  different  "logical"  sequence  of  grap'.iical  interpretation 
skills,  and  these  sequences  are  often  incompatible.      The  I.S.C.S. 
and  A.S.E.P  (first  trial)  courses,  for  example,  both  incorporate  the 
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reading  of  linear  scales  after  the  introduction  to  co-ordinate 
location,  while  other  courses  with  the  same  hierarchical  approach 
present  these  Skills  in  the  opposite  order.      This  discrepancy  in 
presentation  is, apparently  produced  by  the  use  of  intuitively 
defined,  rather  than  experimentally  validated  learning  sequences, 
although  formative  evaluation  (and  subsequent  modification)  of  the 
A.S^E.P.  service  programme  (A.S.E.P,  1973)  suggests  at  least  some 
recognition  of  the  necessity  for  empirical  observations-  The 
background  of  experimental  research  in  this  area  is  rather  limited, 
and  generally  inconclusive /but  a  few  of  the  relevant  studies  are 
-  examined  in  the  following  section  as  a  basis  for  the  subsequent 
selection  and  hierarchical  organisation  of  appropriate  abilities- 

3.    Experimental  Resec^rch  on  Graphical  Interpretation 

Much  of  the  research  on  graphical  interpretation  is  concerned 
with  the  applicability  of  different  graphical  forms  rather  than 
specific  learning  skills,  but  may  be  useful  in  the  selection  of  a 
suitable  subject  field*      An  early  analysis  by  Washburne  (1927) 
examines,  by  means  of  a  common  instructional  programme,  the  relative 
effectiveness  of  textual,  tabular,  and  various  graphical  forms  for 
the  presentation  bf  certain  quantitative  material.  Washburne 
concludes  that  the  type  of  presentation  model  has  a  substantial  effect 
on  resultant  learning  levels,  but  that  differences  in  the  quantity 
of  data  have  relatively  little  influence  on  comparative  effectiveness- 
A  number  of  other  research  studies  in  which  interpretative  difficulties 
are  compared  for  different  graphical  forms  have  recently  been  reviewed 
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by     Riggs  (1966).      Seyeral  of  these  studies,  however,  make  no 
attempt  to  teach  the  relevant  skills,  and  those  which  do  involve 
^an  instructional  course  often  produce  conflicting  results. 

Riggs  (1966)  includes,  four  basic  types  of  graphical  model  in 
the  develorment  of  a  programmed  text  for  fifth  grade  students,  but 
makes  no  attempt  at  sequence  validation  (see  also  Dutton  &  Riggs 
1969) . ^    Most  interpretative  skills  contained  within  thi^  programme 
are  concerned  only  with  the  recognition  of  specific  graphical  terms, 
and  in  fact  half  cf  the  explicit  behavioural  objectives  involve 
aspects  of  verbalised  knowledge.      The  intellectual  skills  include 
calculations  of  amount  (or  co-ordinate  position)  ^nd  comparative 
values  (difference  or  displacement) ,  together  with  rank  and  average 
estimations,      Riggs  adopts  a  pretest/programme/post-test  design 
with  a  single  test  of  70  multiple-choice  items.      This  includes  a 
preliminary  section  on  prerequisite  skills,  involving  basic 
computational  processes  not  included  in  the  programme,  and  the 
remaining  items  serve  as^a  comprehension  criterion  test,     *  The  most 
obvious  and  important  weakness  with  this  study  is  the  failure  to 
recognise  the  need  for  empirical  sequence  validation,  which  seems  to 
be  inconsistent  with  the  fundamental  assumptions  of  programmatic 
learning  and  instruction.    .  ^ 

The  investigation  by  Kolb  (1967/8)  of  a  hierarchical  learning 
sequence,  which  is  concerned  with  various  interpretative  skills 
related  to  lino-segment  graphs,  follows  closely  the  methodological 
approach  outlined  by  Gagn^  and  Paradise  (1961).      This  design  involve 
a  single  question  for  each  element  or  ability,  included  at  the  end 
of  a  comprohonsivo  learning  programme,  and  is  criticised  by  White 
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(1971^  on  both  practical  and  statistical  grounds,      Kolb  (1967/8) 
reports  a  number  of.  exceptions  to  the  postulated  learning  sequence, 
tho,ugJ>  White  (1971)  attributes  many  of  these  to  the  elements  of 
verbalised  knowledge  and  possible  errors  of  measurement. 

The  A.C.E.R.  research  and  development  project  reported  by 


4mith  (1970)  involves  the  validation  of  an  extensive  learning  sequence 


I  of  graphical  interpretation  skills  (including  the  four  basic  models 
I  recommended  by  Dutton  6  Riggs  (1969)),  which  is  directed  at  the 
/    upper  primary  grades.      The  method  of  hierarchical  construction, 
which  is  based  on  item  difficulties  for  a  general  pool  of  relevant 
questions,  has  already  been  discussed  in  Chapter  I,  together  with 
the  associated  statistical  validation  technique.      In  spite  of  various 
methodological  deficiencies,  this  is  probably  one  of  the  more  useful 
*  and  comprehensive  studies  in  the  field  of  graphical  interpretation, 
though  it  can  not  claim  to  provide  an  essential  learning  sequence  of 
interpretative;,  skills. 

The  most  reliable  attempt  at  hierarchical  validation  with  respect 
to  graphical  skills  is  that  reported  by  White  (1971),  although  this 
study  was  restricted  to  a  relatively  limited  range  of  interpretative 
skills  leading  to'  the. calculation  of  velocity  from  a  distance/time 
(two-dimensional  line  segment)  graph.      Perhaps  the  most  important^ 

\ 

methodological  features  of  this  study  involved  the  placement  of  \ 

\ 

appropriate  evaluation  questions  throughout  the  learning  programme, 
the  determination  of  subdivisions  within  each  element  or  skill,  and 
the  development  of  a  statistical  test  to  account  for  errors  of 
measurement  (see  also  White  &  Clark  1973)..      As  suggested  in  Chapter  I, 
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the  elements  of  verbalised  knowledge  incorporated  in  this  model 
did  not'generally  conform  to  the,  expected  hierarchical  relationships, 
at  least  with  respect  to  their  postulated  subordinate  skills,  but 
apart  from  these  exceptions  the  model  was  generally  valid •  Despite 
the  significant  methodological  features  of  this  study,  the 
relatively  limited  scope  of  postulated  skills  restricts  its  potential 
application  as  a  basis  for  general  teaching  or  diagnostic  programmes • 

The  necessity  for,  and  practical  value  of  an  empirically 
validated  sequence  of  graphical^ interpretation  skills  is  emphasised 
by  -  (a)  the  recognised  importance  of  these  abilities,  as  shown  in 
both  local  and  international  subject  examinations  and  in  various 
instructional  programmes,  [hY  the  lack  of  general  understanding 
indicated  by  relevant  examination  results,  aixi  (c)  the  incompatibility 
,  of  presentation  sequence  in  different  curriculum  programmes. 
Moreover,  ,the  limitations  in  methodology  and  scope  of  existing 
research  studies  reinforce  the  need  f or  mor^  extensive  investigations. 
The  first  aspect  of  this  project  therefore  involves  the  construction 
and  empirical  validation  of  a  comprehensive  learning  sequence  of 
graphical  interpretation  skills,  and  this  js  introduced  in  Chapter 
III. 

r 
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CHAPTER  III 


THE  CONSTRUCTION  AND  PRELIMINARY  VALIDATION  OF  A 
HIERARCHICAL  LEARNING  |^UENCE  OF  BASIC  GRAPHICAL 
INTERPRETATION  SKILLS 
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1,    Construction  of  the  Learning  Hierarchy  ^'  ^       ^  , 

_  .  .—x  .  ^  ... 

The  construction  and  validation  of  a  comprehensive  learning  '      ,  * 

hierarchy  concerned  with  basic  skills  of  graphical  interpretation 

requires  a  number  of  important 'practical  considerations.      In  the 

^rst  place  there  are  four  basic  categories  of  representational 

model  -  bar  graphs  (or  histograms)  i  line-segment  graphs,  cir<?le 

graphs  (or  pie  charts)  and  pictographs  -  recommended  for  general 

—      ,  •% 

instruction  by  various  curriculum  authorities  (see  Dutton  and  Riggs 
1969) •      Each  of  these  categories  or  graphical  forms  is  commonly  used 
in  a  wide  range  of  educational  programmes  and  popular  pl^blications , 
and  each  involves  a  different,  though  probably  overlapping  set  of  . 
skills.      There  are,  in  addition  to  this,  e:t  least  six  diffe^rent  areas 
of  graphical  interpretation..    These  are  represented' by  (1)  positioxv 
or  co-ordinate  location,  including,  in  the  case  of  histograms  or  line- 
segment  graphs,   (2)  interpolation  and  extrapolation  (the  detejnnination 
of  general  trends),  and   (3)  ^turning  points  (maximum  and  minimum 
values),  together  with  (4)  displacement,   (5)  slope  (or  gradient),  and 
(6)  area. 

Not  all  of  these  interpretative  areas  are  appropriate  to  every 
graphical  form,  but  in  spite  of.  t;his  it  would  clearly  be  impossible 
to  provide  for  every  relevant  combination  of  form  and  associated 
skills  in  the  preparation  of  a  limited  practical  research  design. 
Thus  in  respect  to  these  obvious  experimental  constraints,  it  was 
decided  to  restrict  the  scope  of  the  present  study  to  a  single  graph- 
ic al^  or  representational  form,  but  in  partial  compensation  to  select 
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one:  involvLu'}  ovory  typo  of , interpretative  skill.      The  only  form 
mectinq  this  condition  is  the  two-dimensional. line-segment  graph, 
which  because  of  its  versatility  is  probably  the  most  popular 
representational  form,      Weintraub  (1967)  suggests  that  this  is 
also  "one  of  the  most  difficult  of  all  graphic  forms  to  interpret",^ 
although  results  from^  a  number  of  studies  reported  by  Riggs  (1966) 
are  in.  conflict  with  this  assertion. 

The  necessity  for  uniform  terminology  to  define  each  inter- 
pretative  result  (such  asj^osition,  displacement  or  gradient),  and 
for  versatility  in  relation  to  areas  of  meaningful  interpretation, 
obviously  tends  to  limit  the  range  of  specific  informational  relation- 
ships appropriate  for  a  comprehensive  learning  prograir,Tie.      The  most' 
general  type  of  informational  model,  and  one  which  meets  the  necessary 
conditions  of  uniformity  and  versatility,  is  rthe  abstract  or  symbolic 
relational  model  involving  the  variables  X^and  Y.     'This  was  conse- 
quently selected  as  the  most  appropriate  model  for  the  present 
research.      It  is  also,  perhaps,  the  Jeast  likely  to  involve  concep- 
tuaf  difficulties  with  more  complex  interpretative  skills,  and 
this-  project  later  examines  the  extent  of  these  conceptual  difficult-^ 
ies  throiwh  analogous  investigations  with  a  ditterent  informational 
model.      Th6^e  investigationk  are  discussed  in  Chapters VII  and  XI, 

Each  of  the  six.  different  areas  of  graphical  interpretation 


'outlined  above  reqTIi*'es,  by  logical  definition,  a  different  terminal 

/*  ♦ 

skill  or  set  hi  skills.  Thus  the  initial  construction  of  the  learn- 
ing hier^chy,  which  followed  Gagne's  task  analysis  method  (Gagne 
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and  Paradise  1961),  was  undertaken  in  si:i  different  sections. 


corresponding  to  these  interpretative  areas.      Each  of  the  associated 
terminal  skills  was  then  subjected  independently  to  hierarchical- 
task  analysis,  so  that  a  cccnprehensive  syslem  of  appropriate  sub- 
ordinate skills  could  be  defined.      Although  independent  with  respect 
to  terminal  skills,  each  of  the  six  interpre'tative  areas  was  found, 
as  expected,  to  be  logically  related  through  a  cccnplex  system  of 
subordinate  associations.      An  outline  of  the  postulated  hierarchy 

is  presented  in  Table  3/7 ,  and  a  more  detailed  description  of  p£u:t- 

/ 

icular  interpretative  skills  in  Tables  3/1-3/6.      In  scxtie  case^ 
alternative  constructional  skills,  which  appear  to  be  closely  related 
to  certain  interpretative  abilities,  have  also  been  outlined  (see 
•Tables3/1  and  3/4). 


2.    Preliminary  Validation  of  the  Learning  Hierarchy 

The  need  for  preliminary  validation  of  theoretical  learning 
hierarchies  is  emphasised  by  White  (1971)  on  the  grounds— that 
presentation  sequence  of  ques^ons  end  instructions  within  ^^tie^Jt^rning 
programme,  which  is  determined  by  the  hierarchical! "^ord^P^^-ef^ appropriate 
skills,  limits  in  turn  che  extent  of  subsequent statistical  analysis. 
Thus  empirical  validation  procedures  can  only  be  v^plied  to  a  specified 
pattern  or  system  of  skills,  and  can  not  be  used  t^  generate  new 
relationships.      In  accordance  with  this  argument,  the  postulated 
learning  hierarchy  of  graphical  interpretation  skills  wa?  subjected 
to  various  methods  of  subjective  validation  to  ensure  the  most  appropriate 
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presentation  soquence. 

The  procedure  for  preliminary  or  subjective  validation  involved 

consultation  with  several  experienced  teachers  and  curriculum  experts, 

ft 

as  suggested  by  White  (1971) ,  comparison  with  appropriate  textbooks 
and  current  learning  programmes,  and  consideration  of  both  the  results 
and  recccnmendations  of  other  relevant  research.      In  general  the 
consultants  agreed  that  the  postulated  system  of  skiZls  was  logic- 
ally sound,  but  information  from  research  reports  and  other  literary 
sources  was  often  contradictory  and  generally  incomplete.  The 
diversity  of  sequential  presentation  in  current  learning  programmes 
has  already  been  ^discussed  in  Chapter  II,  and  most  cf  the  previous 
attmpts  at  empirical  validation  have  proved  equally  inconsistent 
througn  various  methodological  deficiencies  and  consequently  incon- 
clusive results.      The  validation  study  by  White  (1971),  however, 
proved  a  much  more  reliable  comparative  guide  for  sections  involving 
the  same  or  closely  analogous  skills,  and  the  postulated  hierarchy 
outlined  above  proved  consistent  in  these  areas  of  common  application. 

Following  the  preliminary  validation  of  basic  intellectual 
:skills,  it  was  nocessary  to  define  more  precisely  the  possible  siib^ 
aivisional  abilities  incorporated  within  each  basic  skill.  This 
procedure  was  recommended  by  White  (1971)  ,  in  order  to  avoid  sub- 
sequent  confusion  between  parallel  hierarchical  relationships  involving 

independent  subdivisional  skills,  which  might  cause  the  unwarranted  " 

/ 

rejection  of  a  valid  learning  sequence.      The  definition  and  afnalysis 
of  subdivisional  skills  is  examined  in  Chapter  IV. 

/ 

/ 
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TABLES  3/1-3/7  " 
Postulated  Learning  Hierachy  of  Basic 
Graphical  Interpretation  Skills 

CLASSIFICATION  CODS 

INTERPRETATIVE  AREA 

1.  Calculation  of  Position  (a)      Co-ordinate  location. 

2.  Calculation  of  Position  (b)  -  Interpolation  and  Extrapolation. 

3.  Calculation  of  Position  (c)  -  Maximum  eind  Minimum  values. 

4.  Calculation  of  Displacement. 

5.  Calculation  of  Slope  or  Gradient. 

6.  Calculation  of  Area, 

EXPLANATORY  NOTES 

Each  of  the  following  skills  is  specifically  classified  according 
to  a  cc«nplex  numerical  and  alphabetical  code.      The  first  number  of 
this  code  represents  the  interpretative  area  as  shown  in  the  table 
above.      The  second  number  indicates  the  level  of  a  particular  ability 
within  this  area,  rated  downward  from  the  appropriate  terminal  skill. 
Where  letters  are  also  used,  these  represent  secondary  sequences  or 
streams,  and  indicate  branching  in  the  hierarchical  network.  Skills 
which  occur  in  more  than  one  interpretative  area  cire  classified 
according  to  that  in  which  they  are  first  defined* 
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TABLE  3/1 


Skills  for  Calculation  of  Position  (A) 


1/1    Calculate  the  Horizontal  or 
Vertical  position  of  a  given 
point  on  a  two-dimensional 
grid  or  line-segment  graph. 
(Alternatively  mark  the 
position  of  a  point,  specified 
by  two  given  co-ordinates.) 


1/2    Calculate  the  position  of  a 
given  point  on  a  single 
Horizontal  or  Vertical  number 
line. 

(Alternatively  mark  the 
position  of  a  point,  specified 
by  a  given  value.) 

\ 


TABLE  3/2 

Skills  for  Calculation  of  Position  (B) 


47 


2/1  (A)    Calculate  the  Horizontal    2/1  (B)    Calculate  the  H6l^izontal 

or  Vertical  position  of  a 
point,  specified  by  one 


or  Vertical  i>osition  of  a 

-4 


point,  specified  by  one 
co-ordinate ,  interpolated 
between  a  given  row  of 
points  on  a  two- 
dimensional  grid. 


co-ordinate ,  extrapolated 
beyond  a  given  line 
segment  (or  row  of  points) 
on  a  two-dimensional  grid. 


TABLE  3/3 

Skills  for  Calculation  of  Position  (C) 


3/1    Calculate  the  Maximum  or 
Minimum  value  of  a  curve 
(giving  Horizontal  or  Vertical 
position)  drawn  on  a 
two-dimensional  grid. 


1 


1/1 


3/2    Identify  from  a  mixed  sample 
of  convex,  concave  and 
inflexional  curves,  those 
with  a  Maximum  or  Minimum 
Turning  Point. 
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TABLE  3/4 


X 


i 


Skills  for  Calculation  of  Displacement 


4/1    Calculate  the  Horizontal  or 
Vertical  displacement  between 
two  given  points  on  a  two- 
dimensional  grid  or  line- 
segment  graph.  (Alternatively 
mark  the  location  of  a  pointy 
given  its  displacement  from  a 
specified  position.)  * 


4/2    Calculate  the  displacement 

between  two  given  points  on  a 
single  Horizontal  or  Vertical 
nuimber  line.  (Alternatively 
mark  the,  location  of  a  point, 
given  its  displacement  from  a 
specified  position.)  N 


4/3    Ccxnplete  the  calculation 

A-B=C,  given  any  meaningful 
combination  of  two  specific 
values. 


1/1 


1/2 
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TABLE'  3/5 
Skills  for  Calculation  of  Gradient 


5/1    Calculate  the  gradient  of  a 
curve  on  a  two--diitiensional 
grid  at  a  fixed  point  specified 
by  one  (Horizontal  or  Vertical) 
co-ordinate. 


5/2 (A)    Calculate  the  gradient  of    5/2 (B) 
a  straight  line  segment 
drawn  on  a  two-dimensional 
grid. 


4/1 

5/3 (A)    Calculate  the  gradient  of    5/3 (B) 
a  straight  line  segment, 
given  both  the  horizontal 
and  Vertical  displacement 
values. 


5/4 (A)    Complete  the  calculation 
A/B  =  C,  given  any 
meaningful  combination  of 
two  specific  values. 


Draw  the  Tangent  to  a  curve 
on  a  two-dimensional  grid 
at  a  fixed  point  specified 
by  one  (Horizontal  or 
Vertical )  co-ordinate . 

T 


I 


1/1 


Draw  the  Tangent  to  a  curve 
at  a  given  point  of  contact 
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TABLE  3/6 


Skills  for  Calculation  of  Area 

6/1    Calculate  the  approximate  area 
(by  the  method  of  counting 
squares)  enclosed  between  two 
points  of  a  given  line  segment, 
each  specified  by  one  co- 
ordinate, and  the  Horizontal 
axis  of  a  two-dimensional  grid. 


6/2    Calculate  the  approximate  area 

(by  the  method  of  counting  _ 
squares)  enclosed  between  two 
marked  points  on  a  given  line 
segment  and  the  Horizontal  axis 

of  a  two-dimensional  grid.  ^ 


1/1 


6/3 (A)    Classify  a  particular 
segment  of  a  divided 
rectangular  block  as  less 


6/3  (B) 


Calculates  the  area  of  a 


rectcingular  block,  given 


the  values  for  length 


than,  or  not  less  than 


and  height. 


half  of  the  total  area. 


6/4 (B) 


Complete  the  •calculation 
AxB  =  C,  given  any 
meaningful  ccxnbination 
of  two  specific  values. 


ERIC 
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TABLE  3/7 
Outline  of  the  Postulated 
Learning  Hierarchy 


•  /2(A)  (7) 


i/3(A)  Q 


5/4(A)  Q 


5/2(B) 


5/3(B) 


6/3(A) 


NOTE 


Shaded  circles  represent  Terminal  Skills. 


6/A(B)  Q 


CHAPTER  IV 


THE  DEFINITION  AND  ANALYSIS 
OF  SUBDIVISIONAL  SKILLS 
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I*    Tho  DoCinition  of  Subdivisional  Skills 

Each  of  the  intellectual 'skills  outlined  in  Chapter  III 
represents  a  composite  group  or  class  of  more  specific  tasHs  with 
certain  ccxiunon  operational  or  behavioural  characteristics*  Each 
class  may  also  contain  a  number  of  smaller  groups  or  subdivisions, 
which  are  more  precisely  defined  in  terms  of  common  characteristics, 
and  which  represent  logically  distinct,  but  related  aspects  of  the 
same  general  type  of  intellectual  skill.      Thus  the  ability  to  read 
the  position  of  a  given  point  on  a  graduated  number  line  Celement 
1/2)  may  contain,  as  independent  subdivisionaL  skills,  the  ability 
to  road  both  integral  and  decimal  numbers,  which  may  in  turn  have 
either  positive  or  negative  sign,  and  the  ability  to  interpret  both 
Horizontal  and  Vertical  number  lines  (see  Table  4/2)  *      The  meaning 
of  independence  in  this  context  is  that  the  learning  of  one  of  these- 
subdivisional  skills  does  not  imply  immediate  acquisition  of  others 
in  the  same  larger  group    defined  by  the  basic  element  or  intellectual 
skill. 

The  operational  characteristics  which  serve  to  differentiate 
.su^xlivisional  skill.s,  such  as  axis  orientation  and  computational  pro- 
cedure, arc  initially  defined  by  loqical  analysis,  and  do  not  nec- 
essarily rcf^rosont  independent  abilities.      A  subsequent  empirical 
analysis  must  thoroforc  be  made  in  order  to  determine  which  of  the 
fxjstulated  subdivisions  in  effect  involve  different  capabilities. 
This  amounts  to  the  determination  of  practical  limits  associated  with 
lateral  transfer,  and ^suggests  an  alternacive  definition  of  subdiv- 
isional skills  as  those  within  which  the  learning  of  a  single  specific 
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example  provides  immediate  lateral  transfer  to  others  defined  in  the 
same  classification  group.      This  definition  c^f  subdivisional  skilli^ 
in  terms  of  learning  transfer  indicates  again  the  need  for  empirical, 
rather  than  logical  delineation. 

The  necessity  for  empirical  analysis,  of -sub^^sional  skills 
:is  emphasised  by  White  (1971)  for  two  important  practical  reasons. 
In  the  first  place  hierarchical  validation  involves  the  testing  of 
each  intellectual  skill  with  at  least  two  representative  questions 
(to  account  for  errors  of  measurement) ,  but  if  these  involve  differ- 
ent subdivisional  skills  then  the  errors  of  measurement  will  be  con- 
siderably increased,  ai^id  the  power  of  the  statistical  validation 
technique  will  therefore  be  reduced.      An  alternative,  and  probably 
more  serious  problem  arises  when  the  questions  proposed  for  testing 
hierarchically  related  skills  do  not  represent  analgogous  subdiv- 
isional areas.      In  thA  case  the  postulated  hierarchical  relationship 
of  vertical  or  sequential  transfer  may  be  invalidated  through  cross- 
analysis  with  independent  subdivisional  skills  at  different  levels, 
and  thus  an  important  instructional  step  may  be  falsely  omitted  or 
/jhcinrloned . 

Tho  d(;f  inltion  and  ompiricefl  analysis  of  subdivisional  skills 
i.'i*  a  fundamental  feature  of  the  procedure  outlined  by  White  (1971) 
for  the  validation"of  le^arning  hierarchies/  but  is  not  a  character- 
istic,  at  least  in,  the  same  systematic  sense,  of  any  previous  re- 
search  in  this  field.      Smith  (1970)  identifies  a  number  of  common^ 

"variations"  on  basic  postulated  principles  of  graphical  interpretation 

-r 

and  defines  the  questions  and  instructional  ma  trials  for  each  « 
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principle  in  the  validation  programme  ^according  to  the  simplest  of 

these  apparent  variations.      Although  this*  study  involves  no 

systematic  analysis  of  the  postulated  variations  or  subdivisibnal 

skills,  it  does  at  least  recognise  their  existence,  and  in  terms  of 

the  resultant  experimental  constraints  probably  takes  a  conservative 

approach.      The  subdivisional  analysis  by  White  (1971),  however;  i's 

much  more  systematic  in  nature  and  comprehensive  in  scope  than  any 
t 

previous  experintental  studies,  and  therefore  serves  as  a  useful* 
model  for  the  present  research  project*. 

In  delineating  subdivisional  skills,  a  balance  must  be  made 
between  the  necessity  for  comprehensive  identification  and  the  pract- 
ical constraints  associated  with  empirical  analysis.      Thus  White 
(1971)  suggests  the  limited  use  of  implication  or  extr  ipolaticJ^n,  Lu 
infer  from  empirically  established  subdivisional  skills  at  one  level 
of  the  learning  hierarchy  the  existence  of  analogous  subdivisions  at 
subsequent  levels.      This  process  limits  the  necessity  for  empirical 
analysis,  which  might  otherwise  become,  impracticable  in  scope  and 
disproportionate  in  overall  significance,  because  of  thd  statistical 
requirement  for  duplicate  questions  to  account  for  errors  of  measure 
ment  m  the  testing  of  each  subdivisional  skill. 

With  regard  to  these  considerations  of  cc»nprehensive  identifi- 
cation and  practical  constraint,  a  number  of  logically  independent 
«>uWi visions  was  doflnod  for  each  of  the  intellectual  skills  out- 
lirM-(J   in  fMi.ir»*"r  Ml.      There  wore ,  however ,  two  exceptions  (element 
•i/l  .jiul  which  |»roi;ably  represent  the  rfiost  complex  of  these 

.> 

K  • 

I 
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abilities,  and  would  therefore  involve  the  largest  number  of  potential 
subdivisions.      Since  both  of  these  exceptions  are, terminal  skills, 
their  likely  subdivisional  elements  may  be  specified  by  implication 
from  analogous  subdivisions  in  constituent  or  subordinate  skills. 
An  outline  of  all  the  specified  subdivisional  skills,  together  with 
explanatory  notes  and  appropriate  testing  groups,  is  presented  in 
Tables  4/1-4/18.     .Each  of  these' subdivisional  groups  is  represented 
by  duplicate  questions  in  r  couprehensive  analytical  test  presented 
in  Volume  II.      This  test  contains  a  total  of  240  questions, 
.  representing  12'0  subdivisional  groups  from  18  basic  skills  of  graphical 
interpretation.  *  , 
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TABLES  4/1-4/18 


Comprehensive  Outline  of  Subdivisional  Skills 


ABREVIATION  CODE 


(1)    Axis  Direction  or  Orientation 


H 


Horizontal 


V 


Vertical 


(2)  Numerical  Value 

I      Integral  number 

D     Decimal  ^ 

(3)  Nuiperical  Sign 

+  Positive 
-  Negative 

(4)  Constructional  Skills  (c) 
EXPLANATORY  NOTES 

(1)  Each  question  group  incorporates  two  different  questions,  marked 
(a)  and   (b)    (see  Volume  II) ,  corresponding  to  the  same  subdiv- 
isional rlassif:  ication. 

(2)  Complex  classifications  (e.g.    V/I/+)  represent  simultaneous, 
not  alternative  conditions, 

(3)  Tho  numbers  shown  for  "Tests"  indicate  question  group  comparisons, 
v;hich  reflect  specified  mbdivisional  differences  in  respectively 
defined  abilities. 
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TABLE  4/1 

Subdivisional  Skills  for  Element  1/1 


QUESTION' 

SUBDIVISIONS 

(Required  Co'-ordinate) 

Alternative 

GROUP 

Direction 

Number 

Sign 

Co-ordinate 

1 

H 

I 

+ 

V/I/+ 

2(C) 

H 

I 

+ 

V/I/+ 

3  - 

H 

I 

V/I/+ 

4 

H 

I 

0 

V/I/+ 

5 

H 

D 

+ 

v/i/+ 

6 

V 

I 

+ 

H/I/+ 

* 


NOTES 

1-    Question  grgup  2  represents  an  analogous  constructional  skill, 
and  has  the  same  subdivisional  conditions  as  those  for  the 
interpretative  ability  represented  by  question  group  1. 

2.    The  numerical  values  of  alternative  co-ordinates  are  not 

necessarily  the  same,  although  all  involve  integral  numbers. 

TESTS 


(1)  Co-ordinate  Divisions 

Horizontal/Vertical  (Direction)  =  1/6 

Integral/Decimal  (Number)  =  1/5 

Positive/Negative   (Sign)  =  1/3 

Positive/Zero  (Sign)  =  1/4 

(2)  Intel pretat ion/Construction  '   ,  =  1/2 


,  TABLE  4/2 
fmbdivisional  Skills  for  Element  1/2 


5|\c 


ESTION  SUBDIVISIONS  (Position) 

GROUP  Direction  Number  Sign 


2(C) 

3 

4 

5 

6 


H 
K 
H 
H 
H 
V 


I 
I 
I 
I 
D 
I 


+ 
+ 

0 
+ 
+ 


NOTES 

1,    Question  group  2  represents  an  analogous  constructional 
and  has  the  same  subdivisional  conditions  as  those  for 
interpretative  ability  represented  by  question  group  1. 

TESTS 

(1)  Positional  Divisions 

Horizontal/Vertical  (Direction)  =  1/6 

Integral/Decimal  (Number)  =  1/5 

Positive/Negative  (Sign)  =  1/3 

Positive/Zero  (Sign)  =  1/4 

(2)  Interpretation/Construction         =  1/2 


i 

< 
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TABLE  4/3 

Suhdivi^ional  Skills  for  Element  2/1 (A) 


QUESTION 
GROUP 

Required 
Co-ordinate 

SUBDIVISIONS 
Alternative 
Co-ordinate 

Slope 

Interpolation 
Distance 

1 

V/I/+ 

H/I/+ 

+1 

2 

2 

H/I/+ 

V/I/+ 

+1 

2 

3 

V/I/+ 

H/I/+ 

-1 

2 

4 

V/I/+ 

H/I/+ 

0 

2 

5 

H/I/+ 

V/I/+ 

1/0 

2 

6 

V/D/+ ■ 

H/I/+ 

+1 

2 

7 

V/I/- 

H/I/+ 

+1 

2 

8 

V/I/0 

H/I/+ 

+1 

2 

9 

V/I/+ 

H/I/+ 

+1 

4 

NOTES 

!•     The  conditions  for  direction,  number  and  sign  are  listed  respectively 
for  both  required  ana  alternative  co-ordinates. 

2.  The  given  points  for  every  question  group  were  equally  spaced  at 
intervals  of  2.0  (Horizontal)  units. 

3.  The  values  listed  above  for  Interpolation  Distance  refer  to  the 
relevant  number  of  Horizontal  units. 

TESTS 

(1)    Co-ordinate  Divisions 

Horizontal/Vertical  (Direction)  =  1/2 
Integral/Decimal  (Number)  =  1/6 
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Positive/Negative  (Sign)  «  1/7 
Positive/Zero  (Sign)  =  1/8 

(2)  Slope 

Positive/Negative  =  1/3 

Positive/0  (Horizontal)  =  1/4 

Positive/«>  (Vertical)  =  5/2* 

i 

(3)  Interpolation  Distance 

Short  (2  units) /Long  (4  units)  =  1/9. 

*    This  comparison  is  analogous  to  1/4  with  the  Horizontal  and  Vertical 
axes  reversed. 
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TABLE  4/4 

— - 

Subdivisional 

Skills  for  Element 

2/1 (B) 

/ 

f 

QUESTION 

SUBDIVISIONS 

*  GROUP 

Required 

Alternative 

Slope 

Extrapolation 

Co-ordinate  Co-ordinate 

Distance 

1 

V/I/+ 

H/I/+ 

4.1 

2 

2 

H/I/+ 

V/I/+ 

4.1 

2 

3 

V/I/+ 

H/I/+ 

-1 

2 

4 

V/I/+ 

H/I/+ 

0 

5 

H/I/+ 

V/I/+  • 

1/0 

2 

6 

V/I/+ 

H/I/+ 

+1 

2 

7 

V/D/+ 

H/I/+ 

+1 

2 

8  • 

v/i/- 

H/I/-P" 

+1 

2 

9 

V/I/0 

H/1/+ 

+1  ^ 

2 

10 

V/I/+ 

H/I/v 

+1 

2 

11 

V/I/+ 

H/I/+ 

+1 

6 

NOTES 

1.  The  conditions  for  direction,  number  and  sign  are  listed 
respectively  for  both  required  and  alternative  co-ordinates. 

2.  The  direction  of  extrapolation  is  negative  (Right  to  Left)  for 
question  group  6,  but  positive  in  all  other  cases. 

3.  Question  group  10  involves  extrapolation  beyond  a  row  of  points 
(equally  spaced  at  intervals  of  2.0  Horizontal  units),  while  the 
other  groups  all  involve  line  segments. 

4.  The  values  listed  above  for  Extrapolation  Distance  refer  to  the 
relevant  number  of  Horizontal  units. 
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TESTS 

-  ^  <? 

(1)    Co-ordinate  Divisions 

Horizontal/Vertical  (Direction)  » ,  1/2 

=  1/7 

=  1/8 

=  1/9 


=  1/3 
=  1/4 
=  2/5* 


Short  (2  units)/Long   (6  units)  =  1/11 

(4)  Direction  of  Extrapolation 

^    Positive/Negative  =  1/6 

(5)  Line  Segment/Points  =  1/10 


*    This  comparison  is  analogous  to  1/4  with  the  Horizontal  and  Vertical 
axes  reversed. 


Integral/Decimal  (Number ) 
Positive/Negative  (Sign) 
Positive/Zero  (Sign) 


(2)  Slope 


Positive/Negative 
Positive/0  (Horizontal) 
Positive/«>  (Vertical ) 

(3)     Extrapolation  Distance 
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TABLE 

4/5 

Sabdivisional 

Skills 

for  Element  3/1 

QUESTION 

SUBDIVISIONS 

GROUP 

Required  , 

Alternative 

Turning 

Co-ordinate 

Co-ordinate 

I^oint 

1 

V/I/+ 

H/I/+ 

Maximum 

2 

V/I/+ 

H/I/+ 

Minimum 

3 

H/I/+ 

V/I/+ 

Maximum 

4 

H/I/+ 

V/I/+ 

Maximum 

5 

V/D/+ 

H/I/+ 

Maximum 

6 

V/IA 

H/I/+ 

Maximum 

7 

V/I/0 

H/I/+ 

Maximum 

NOTES 

1*    Question  group  4  requires  the  calculation  of  Horizontal  position 
corresponding  to  a  maximum  Vertical  value,  while  question  group 
3  involves  the  calculation  of  a  maximum  Horizontal  value. 

2.    Although  the  alternative  co-ordinates  are  all  positive  integers, 
the  actual  ntunerical  values  are  not  the  same. 

TESTS 


(1)    Co-ordinate  Divisions 

Horizontal/Vertical  (Direction)  =  1/3 

I ntegral/Decimal  (Number )  =  1/5 

Positive/Negative  (Sign)  =  1/6 

Positive/Zero  (Sign)  =  1/7 
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(2)  Turninq  Point 
Maximum/Minimum  =  1/2 

(3)  Required  Position 

Turning  Point/Alternative  Co-ordinate    =  1/4 


ERIC 
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TABLE  4/6 


Subdivisional  Skills 

for  Elenent  3/2 

QUESTION  GROUP 

Turning  Point 

1 

Maxitnum 

2 

Minimum 

NOTES 

1.  Each  question  involved  selection  from  seven  examples  in  order 
to  reduce  the  guessing  error  to  less  than  one  per  cent.  (The 
probability  of  guessing  the  correct  result  is  1/2  for  each 
given -curve,  and  therefore  (h)  overall). 

; 

2.  Inflexional  curves  (having  no  maximum -^r  minimum  turning  point) 
were  also  used  in  these  examples. 

TEST 

Turning  Point 
Maximum/Minimum    =  1/2 


TABLE  4/7 

Subdivisional  Skillg  for  Element  4/1 


QUESTION  SUBDIVISIONS  (Required  Co-ordinates)  Alternative 

GROUP         Direction     Number    Sign    Displacement  Co-ordinates 


1 

H 

I 

+ 

I/+ 

V/I/+ 

2XCJ_  

I 

+ 

I/+ 

V/I/+ 

3(C) 

H 

I 

+ 

V/I/+ 

4 

V 

I 

+ 

1/+ 

H/I/+ 

5 

H  . 

D 

+ 

D/+ 

V/I/+ 

6- 

H 

I 

I/-  • 

V/I/+ 

7 

H 

I 

+ 

I/- 

y/i/+ 

8 

H 

I 

0/+ 

I/+ 

V/I/+ 

NOTES 

1.  Question  groups  2  and  3  represent  analogous  constructional  skills^ 
with  the  smaller  and  larger  values  respectively  provided,  and  have 
the  same  subdivisional  conditions  as  those  for  the  interpretative 
ability  represented  by  question  group  1. 

2.  If  Horizontal  and  Vertical  directions  represent  independent 
subdivisions,  and  if  constructional  skills  are  different  from 
those  of  interpretation,  then  a  difference  between  question  groups 
2  and  3  might  only  reflect  the  independence  of  Horizontal  and 
Vertical  displacement  vcalculations ,  rather  than  the  postulated 
constructional  subdivisions.      Thus  both  co-ordinate  points  are 
given  the  same  vertical  position  in  each  of  these  question  groups. 
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3.    The  values  given  in  question  group  5  were  selected  to  avoid  conplex 
"carryover"  calculations,  since  this  subdivisional  skill  is 
concerned  with  direct  interpretative^ rather  than  computational 


1 

ability. 


^4.    The  fractional  difference  between  points  in  question  group  5  was 
always  set  greater  than  0.2,  since  this  value  corresponded  to 
the  total  limit  of  tolerance, in  associated  reading  errors. 

5.    The  calculation  of  a  zero , displacement  value  was.  considered  a 
trivial  case,  and  therefore  not  included  i^^.this  analysis. 


TESTS 

^(1)    Co-ordinate  Divisions 

Horizontal/Vertical  (Direction)  =  1/4 

Integral/Decimal  (Number)  -  1/5 

Positive/Negative  (Sign)  =  1/6 

-         Positive/Zero  (Sign)  =  1/3 


(2)  Displacement 

Positive/Negative  •  =  1/7 

K 

(3)  I'nterpretat  ion/Construct  ion  '     =  1/2 

\  "  1/3 


(4)    Coristructional  Subdivisions         =  2/3 
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TABLE  4/8 

Subdivisional  Skills  for  Element  4/2 


QUESTION 
GROUP 

•  SUBDIVISIONS  (Positon 
Direction  Number 

and  Di 
Sign 

splacement) 

Displacement 

1 

H 

i 

+ 

I/+ 

2(C) 

H 

I 

I/+ 

3(C) 

H 

I 

I/+ 

4 

V 

I 

+ 

I/+ 

5 

H 

D 

D/+ 

6 

H 

I 

I/+ 

7 

I 

+ 

I/- 

8 

H 

I 

•0/+ 

I/+ 

NOTES 

See  Notes  1,3,4  and  5  for  Element  4/1. 
TESTS 

(1)     Positional  Divisions 

HorizontalyA/ertical  (Qirection)  =  1/4 

Integral/Decimal  (Number)  =  1/5 

Positive/Negative   (Sign)  =  1/6 

Positive/Zero  (Sign)  =    1/8  / 
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(2)    Displacement  ' 

Positive/Negative 


-  1/7 


70 


(3)  Interpretation/Congliructaon 


(4)   .Construction^"^  Subdivisions 

1 


-  1/2 
1/3 


=  2/3 
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Subdivisional 

oir-i  11c  ^ r\y  PI  ^m^nt  4/3 

- 

QUESTION 

SUBDIVISIONS 

GROUP 

Number 

Sign 

Result 

1 

I 

+ 

I/+  • 

2 

I 

+ 

I/+ 

•  3 

I 

+ 

I/+ 

4 

D 

+ 

D/+ 

5 

I 

I/+ 

6 

I 

+ 

i/- 

7 

 m  

I  . 

,  0/+ 

I/+ 

NOTES 


Question  groups  1  and  5  reflect  a  difference  in  operational 
variables  with  the  same  internal  relationship  (B<A,  so  that 
A  -  B  =  I/+) . 

Question  groups  1  and  6  reflect  a  difference  in  relationship 
(A  -  B  =  I/-)  Ijetween  similar  operational  variables  (A  and  B  both 
I/+)  - 

Question  groups  1,  2  and  3  represent  differences  in  presentation 
format  of  subtraction  calculations,  corresponding  to  the  type  of 
interpretative  or  constructional  skill  represented  by  analogous 
question  groups  in  elements  4/1  and  4/2. 
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TESTS 


(1)    Given  Values 

Integral/ Decimal  (Number)  =  1/4 

Positive A^egative  (Sign)  =  1/5 

.  Positive/Zero  (Sign)  =  1/7 


<^  84 
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TABLE  4/10 
Subdivisional  Skills  for  Element  5/2  (A) 


QUESTION 
GROUP 

Horizontal 
Displacement 

SUBDIVISIONS 

Vertical 
Displacement 

Gradient 

1 

I/+ 

I/+ 

I/+  (>1) 

2 

I/+ 

I/+ 

D/+{>1) 

3. 

D/+ 

D/+ 

D/+(>1) 

4 

I/+ 

I/+ 

D/+(<1) 

5 

I/- 

I/- 

I/+(>1) 

6 

I/+ 

I/- 

I/-(<1) 

7 

I/+  ' 

0 

0  ■ 

8 

0 

I/+ 

00 

NOTES 

1.     All  line 

segments  were 

drawn  in  the  first  quadrant. 

» 

with  both 

end  points  positive but  .the  displaonent  calculations  could  be 
ei**her  positive  or  negative  as  shown  above. 

2.  The  conditions  for  number  and  sign  are  presented  respectively  for 
both  Horizontal  and  Vertical  displacement  subdivisions. 

3.  Question  group  comparisons  1/2  and  1/4  represent  different 
relationships  between  similar  operational  variables,  while 
ccmpafisons  1/5  and  2/3  represent  similar  relationships  between 
different  operational  variables. 

O 
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tests' 

(1)  Displacement  Mj^isions  (Same  category  for  Gradient) 

Integral/Decimal  (Number)  =  2/3 
Positive/Negative  (Sign)  =  1/5 

(2)  Gradient 

Integral/Decimal  (Number) 
Positive/Negative  (Sign) 
Positive/Zero 
Positive/Infinite 
Zero/Inf  ini te 

*    These  tests  are  included  as  special  cases. 


1/2,  1/3,  1/4 

1/6 

1/7* 

1/8* 

7/8* 


4& 


^ 
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TABLE  4/11 
Subdivisional  Skills  for  Element  5/3 (A) 


QUESTION , 
GROUP 

Horijontal 
Displacement 

SUBDIVISIONS 

,  Vertical 
Displacement 

Gradient 

1 

I/+ 

I/+ 

I/+(>1) 

2 

I/+ 

I/+ 

D/+(>1) 

3 

D/+ 

D/l- 

D/+(>1) 

4 

I/+ 

I/+ 

'  D/+(<1) 

5 

I/- 

I/- 

I/+(>1) 

6 

I/+ 

I/" 

I/-(<1) 

7 

I/+ 

0 

0 

8 

0 

I/+ 

CO 

NOTES 

1.  See  Notes  2  and  3  for  Element  5/2  (A)  . 

2.  The  line  for  each  of  the  questions  above  was  drawn  in  the  first 
(upper  Right  Hand  Side)  quadrant  on  unmarked  orthogonal  axes. 

TESTS  • 

o 

(1)     Displacement  Divisions  (Same  category  for  Gradient) 

Integral/Decimal  (Nximber)  =  2/3 
Positive/Negative  (Sign)     =    1/5  ^ 
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(2)  Gradient 


Integral/Decimal  (Number)  =  1/2,  1/3,  1/4 

Positive/Negative  (Sign)  =  1/6 

Positive/Ze3o  =  1/7* 

Positive/Infinite  =  1/8* 

Zero/Infinite  =  7/8* 


These  tests  are  included  as  special  cases. 


r 
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TABLE  4/12 
Su txi ivisional  Skills  for  Element  5/4  (A) 


QUESTION 
^  GROUP 

Dencminator 

SUBDIVISIONS 

Numerator 

Quotient 

1 
1 

T  /-». 

*               T  /+ 

T  /+  f  >  1  ^ 

x/T  v  J.; 

>  2 

I/+ 

1/+ 

D/+(>1) 

3 

D/+ 

D/+ 

D/+(>1) 

4 

I/+ 

1/+  . 

D/+(<1) 

5 

I/- 

I/- 

I/+(>1)  ' 

<•  6 

I/+ 

I/- 

'T./-(<1) 

7 

I/+ 

0 

0 

8 

0 

I/+ 

00 

NOTES 


1-    The  conditions  for  number  and  sign  are  presented  respectively  for 
both  Numerator  and  Denominator. 

2.    See  Note  3  for  Element  5/2 (A). 

TESTS 

(1)    Divisions  of  Variables  (Same  category  for  Quotient) 

Integral/Decimal  (Number)  - 2/3 
Positive/Negative   (Sign)    -      .  =.  1/5 


Quotient 

Integral/Decimal  (Number  =  1/2,  1/3,  1/4 

Positive/Negative  (Sign)  =  1/6 

Positive/Zero  =  1/7* 

Positive/Infinite  =  1/8* 

Zero/Infinite  =  7/8* 

These  tests  are  included  as  special  cases. 
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TABLE  4/13 
Su)3divasional  Skills  for  Element  5/2  (B) 


SUBDIVI SIONS 

GROUP 

^     w  ^  ^  ^  ^  StfWt 

Slope  of 

Tana^^nt 

1 

H/I/+ 

V/I/+ 

+ 

2 

H/I/- 

V/I/+ 

t 

3 

H/I/0 

V/I/+ 

+ 

4 

H/D/+ 

V/I/+ • 

5 

V/I/+ 

H/I/+ 

+ 

6  _ 

H/I/+ 

v/i/**- 

7 

H/I/+ 

V/I/+ 

0 

8 

H/I/+ 

.  V/I/+ 

00 

'  9 

H/I/+ 

■  V/I/+ 

+ 

NOTES 

1.  The  conditions  for  direction,  nvimber  and  sign  are  presented 
respectively  for  both  sjpecified  and  alternative  co-ordiri^res, 

2,  The  specified  (Horizontal)  co-ordinat( s  for  question  groups 
6-9  are  th)s  same  as  those  for  respective  questions  (a)  and  (b) 

.   *   in  group  1. 

3*    Question  group  9  refers  to  a  concave  cuxve  (bending  upward  at 
the  ends  away  from  the  Horizontal  axis) -  while  those  for  the 
other  question  groups  are  all  convex. 

4,    The  co-ordinate  subdivisions  outlined  above  are  analooous  to  those 
for  Element  1/1.  ^ 


TESTS 

(1)    Co-ordinate  Divisions 

Horizontal/Vertical  (Direction) 
I ntegr al /Dec  imal  ( Number ) 
Positive/Negative  (Sign) 
^  Positive/Zero 


(2)    Slope  of  Tangent  " 

Positive/Negative 
Positive/0  (Horizontal) 
Posit ive/»  (Vertical) 


(3)    Type  of  Curve 
Convex/Qpncave 
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TABLE  4/14 
Subdivisional  Skills  for  Element  5/3 (B) 


QUESTION 


SUEDIVISIONS 


GROUP 

Slope  of  Tangent 

Type  of  Curve 

1 

+ 

Convex 

2 

Convex 

3  . 

0 

Convex 

4 

00 

Convex 

5 

+ 

Concave 

 :  -A  

NOTES 

1.  The  curve  for  each  of  the  questions  above  was  drawn  in  the  tirst 
-  (Upper  Right  Hand  Side)  quadrant  on  unmarked  orthogonal  axes. 

2.  Question  group  4  involves  a  Right  Hand  Turning  Point  and  Vertical 
Tangent.  ^ 


TESTS 


(1)     Slope  of  Tangent 

Positive/Negative 

Pos i ti ve/0  ( Hor izonta 1 ) 

Positive/o"  (Vertical) 


1/2 
1/3 
1/4 


(2)     Type  of  Curve 
Convex /Con c  ave 


=  1/5 
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TABLE  4/15 
Subdivisional  Skills  for  Element  6/2 
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QUESTION 
GROUP 

Horizontal 
Co-ordinates 

SUBDf^ISIONS 

Horizontal 
ScAle  Units 

Vertical 
Scale  Units 

1 

I/+ 

I/+ 

I/+(>1) 

2 

I/+ 

f  !/+{>!) 

3 

I/+{>1) 

4 

I/+ 

I/+(>1) 

5 

0,I/+ 

I/+  • 

/  "  I/+(>1) 

6 

I/+ 

D/+(>1) 

D/+(>1) 

7 

I/+=1.0 

I/+  (>i) 

.  8 

I/+ 

D/+(<1) 

I/+(>1) 

NOTES  _  ----- 

1,  The  conditions  for  nvimber  and  sigrL^are  presented  respectively 
for  both  co-ordinates  and  scale  units. 

2,  All  line  segments  (except  for  question  groups  4  and  5)  were  drawn 
in  the  first  quadrant,  with  both  end-points  positive. 

3,  Both  Horizontal  end-point  co-ordinates  are  defined  in  the  same 
category  within  a  particular  question  group,  except  for  groups  4 
and  S.^^The  Vertical  end -point  co-ordinates  are  defined  in  the 
same  category  for  every  question  group. 

4,  The  Horizontal  and  Vertiral  scale  units,  although  generally  defined' 
in  the  same  category,  do  not  have  equal  numerical  values. 

OAiGStxon  group  2  involves  the  calculation  of  area,  beneath  a  curve, 
whilfi  the  others  all  refer  to  straight  line  segments. 

94 
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6,  Question  group  3  involves  compound  skills  of  decimal 

multiplication  (c/f  question  groups  2  and  4  in  Element  6/3 (B)) 
.»* 

in  order  to  account  for  fractional  cureas  at  each  end  of  the 
given  line  segment. 

7.  Question^ group  4  is  likely  to  be  more  difficult  than  others 
because  of  the  complex  calculation  involving  both  positive  cind 
negative  areas.  f 


TESTS 

(1)     Co-ordinate  Divisions  (Horizontal  end-points) 

Integral/Decimal  (Number)  =    1/3  ^^.^  ^ 

Positive/Negative  (Sign)  ,^  "==^'  1/4 

Positive/Zero  =  1/5 


j 

ocale  Unit  Divisions 

Integral/^ecimal  =  1/6 

Integral  (H  and  V)/H=l  =  1/7^ 

Integral  (H  and  V)/H<1  =  1/8* 


(3)     Type  of  Line  Segment 

Straight  Li'ne/Curv«  '  1/2 

*    These  tests  are  included  as  special  cases.      The  Vertical  scale 
units  arc  in  each  case  positive  integral  numbers. 
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TABLE  4/16 


I- 


Dabdivisional  Skills  for  Element  6/3 (A) 


^ QUESTION'^ 

Division  Xine 

' '  '  GR(XJP 

!  1 

Straight 

2  • 

CXarved 

/ 

NOTES 

{ 

1.    Seven  examples  Vt^re  presented  for  each  question  ^  so  that  the 
resultant  guessing  error  was  less  than  one  per  cent  (see  Note  1 
for, Element  3/2). 


1 


2.     A  s 


qupre 


format  was  used  in  each  case,  corresponding  to  (but 


larger  than)"  the  basic  unit  shown  i'lT  the  sxiandard  two-dimensional 
grid.  ' 


Crivision  Line 
Strai^t /Curved' 


=  1/2. 


J 


TABLE  4/17 

Scbdivisional  Skills  for  Element  6/3 (B) 
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QUESTION 


SUBDIVISION^^ 


GROUP 


Length 


Height 


1 


I/+(>1) 


I/+{>1) 


2 


D/+(>1) 


D/+{>1) 


3 


I/+=1.0 


I/+{>1) 


4 


D/+(<1) 


I/+{>1) 


NOTES 


1.  The  conditions  for  Number  and  Sign  are  presented  respectively 
for  both  length  and  height • 

2.  Although  sometimes  defined  in  the  same  category/the  dimensions 
of  length  and;  height  for  a  particular  calculation  do  not  have 
the  same  nvimerical  value. 

3.  Negative  nvimber  calculations  are  not  included  as  potential 
subdivisions  of  this  element,  although  one  is  involved  as  a 
co-ordinate  subdivision  in  Element  6/2  (Question  group  4) . 

TESTS 

Dimensional  Divisions 

Integral/Decimal  =  1/2 

Integral  (L  and  H)/H=l  =  1/3* 
Integral  (L  and  H)/H<1      =  1/4* 

*    These  tests  are  included  as  special  cases.      The  values  for  Length 
are  in  each  case  positive  integral  numbers. 
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TABLE  4/18  , 
Subdivisional  Skills  for  Element (B) 


QUESTION 

SUED IV I 

SIONS 

GROUP 

First  Number 

Second  Number 

^  (A) 

(B) 

1 

I/+(>1) 

I/+(>1) 

D/+(>1) 

D/+(>1) 

3  • 

I/+=1.0  . 

I/+(>1) 

4 

D/+(<1) 

I/+(>1) 

NOTES 

1.    The  conditions  for  number  and  sign  are  presented  respectively 
for  both  numerical  Vciriables. 

2-    Negative  nijonber  calculations  are  not  included  as  potential 
subdivisions  of  this  element. 

3.     Although  sometimes  defined  in  the  same  category,  the  first  and 
second  numbers  for  a  particular  calculation  do  not  have  the  same 
value, 

( 

TESTS 

Numerical  Divisions 

Integral/Decimal  =    1/2  "  , 

Integral  (A  and  L)/A=l  =  1/3* 
integral  (A  and  B)/A<1  =  1/4* 

*    Thcf.o  tests  arc  included  as  special  cases.      See  also  the  corresponding 
r)irnr»nsional  divisions  for  Element  0/3(8)  and  Scale  Unit  divisions 

'    •■  98 
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2.    The  Analysis  of  Subdivisional  Skills  .     '  - 

(A)    General  Considerations 

Ideally  the  analysis  of  subdivisional  skills  should  involve 
the  same  type  of  integrated  instructional  and  testing  programme  as 
that  recommended  by  various  authorities  (Gagn^  &  Paradise  1961, 
Gagn6  &  Bassler  1963,  White  1971)  for  the  validation  of  learning 
hierarchies.      Such  a  procedure  would  probably  involve  the  teaching 
of  a  particular  skill  within  the  constraints  of  a  single  subdivisional 
area,  followed  by  testing  in  each  of  the  postulated  subdivisional 
areas  in  order  to  determine  the  actual  limits  of  immediate  lateral 
transfer.      In  practice,  however,  this  method  may  require  extensive 
preparations  and  preliminary  trials  to  develop  and  evaluate  the 
appropriate  instructional  materials,  and  hence  may  prove,  in  terms  ^ 
of  overall  significance,  an  unrealistic  proposition.  ^  More  practical, 
if  somewhat  weaker  alternative  procedures  must  therefore,  be  considered 
The  method  used  by  White  (1971)  for  the  analysis  of  subdivisional 
skills  involves  no  teaching  or^lnstructional  programme,  and  depends 
instead  on  more  or  less  long-term  recall  from  previous  curricular 
experience.      The  lack  of  a  suitable  instructional  programme 
introduces  an  obvious  methodological  weakness,  but  probably  not  as 
critical  in  this  case  as  in  the  validation  of  hierarchical  learning 
sequences,  since  the  analysis  of  subdivisional  skills  is  concerned 
with  lateral,  rather  than  vertical  or  sequential  transfer,  and  thus 
does  not  involve  the  simultaneous  recall  of  recently  acquired 

■••     99 . 
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prerequisite  or  subordinate  skills.      It  follows r  then^  that  if  the 
subsequent  statistical  analysis  provides  a  reliable  indication  of 
subdivisional  differejicn,  the  simplified  method  proposed  by^Wliite 
(1971)  affords  a  logically  -valid  and  more  practical  alternative  than 
the  tedious  instructioijal  procedure  outlined  above.      Because  of  the 
large  number  of  postulated  subdivisional  skills  outlined  in  the 
previous  section,  the  simplified  analytical  technique,  v'hich  obviates 
the  necessity  for  the  development  of  instructional  programmes,  was 
selected  as  the  most  appropriate  model  for  this  research. 

(B)    The  Preliminary  Test 

It  is  impossible,  for  obvious  logical  reasons,  to  determine 
subdivisional  differences  if  every  subject  fails,  or  if  everyone 
passes  the  relevant  criterion  test,  and  in  fact  it  is  suggested  by 
White  (1971/P.37)  that  the  level  of  item  difficulty  should  be 
maintained  within  the  limits  of  0.2  and  0.8  for  .effective  , 
discrimination.      Thus  in  order  to  determine  the  most  appropriate 
level  for  testing  6ach  basic ' intellectual  ability  and  relevant  set  of 
subdivisional  skills,  a  preliminary  test  was  prepared  cortiprising  a 
single  question  (or  two  in  the  case  of  alternative  constructional 
skills)  from  each  of  the» basic  graphical  interpretation  skills.  This 
test  was  then  administered  to  one  class  at  each  of  three  alfernate 
academic  levels  in  a  single  Melbourne  metropolitan  high  school?  The 
questions  selGCted  for  this  preliminary  test  were  considered  to 
represent  an  intormodiate  level  of  difficulty  between  the  simplest 
and  most  ^complex  or  difficult  of  the  various  subdivisional  areas  for 
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each  of  the  fundamental  skills.      *rhe  descriptipn  and  results  of 
this  preliminary  test,  together  with  explanatory  notes,  are  presented 
in  Table  4/19. 

(C).-  Admi'nistration  of  the  Major  Subdivisional  Analysis 

On  the  basis  of  results  from  the  preliminary  test,  suitable 
levels  were  selected  for  the  siibdivisiona],  analysis  of  each  fundamental 

T. 

interpretative  skill.      Thus  the  eighteen  groups  of  subdivisional 
skills  included  in  this  analysis  were  distributed  over  four  different 

c 

high  school  grades  or  academic  levels.      A  list  of  the  relevant 
subdivisional  groups  presented  at  each  level  is  shown  in  Table  4/20. 

The.  testing  population  selected  for  the  analysis  of  subdivisional 

skills  involved  a  randcxn  choice  of  four  pietropolitcin  co-educational 

^  j»  ■  • 

high  schools  in  Melbourne.      A  single  class  at  each  of  the  four 

testing  levels  was  selected  from  every  participating  school,  so  that 

\  - 

the  total  testing  population  at  each  level  involved  at\least  one 
hundred  students.      This  number  corresponds  to  the  minimal  requirement 
recommended  for  the  test  of  hierarchical  dependence  developed  by 
White  and  Clark  (1973),  and  since  the  test  for  subdivisional  difference 
(outlined  in  Appendix  I)  was  developed  from  the  same  basic  type  of 
statistical  model,  an  equivalent  sample  size  was  considered  appropriate 
for  this  aspect  of  the  present  research. 

The  practical  procedure  for  subdivisional  analysis  involved  the 
preparation  of  a  separate  book  of  questions  to  tost  each  basic  skill, 
in  order  to  allow  some  flexibility  in  timing  and  arrangement  for 
classes  with  the  longer  or  larger  numbers  of  tests.      No  particular 


TABLE  4/19 

F^esults  of  the  Preliminary  Test  for  Subdivisional  Analysis 
.    (Westall  High  School) 

QUESTION  D-Ll'TICUL'TY  LEVEL 


NUMBER  Form  I  »       Form  III  Form  V 


V 



1/1  -  5(a) 

0* 

94 

• 

0< 

38 

0,23 

1/1  -  5<b)* 

^  0. 

97 

0, 

48 

0.14 

.  1/2  -  Sia?"" 

0; 

83 

0, 

08 

0.00 

1/2  -  5(b)* 

0. 

73 

'0 

.03 

0.00 

2/l"(B)  -  7(a) 

1. 

00 

0 

.78 

0.59 

3/1  -  5(a) 

1* 

00 

0 

.50 

0.09 

3/2  -  1(a) 

0* 

94 

1 

•  00 

0.27 

4/1  -  4(a) 

0. 

97 

0 

.48 

0.36 

4/2  -  4,(a) 

0. 

92 

0 

.28 

0.23  • 

4/3  -  2(a) 

0* 

11 

0 

.08 

^  0.05 

5/2 (A)  -  3(a) 

.  1. 

00 

0 

.98 

0.45 

5/3  (A)  -  3(a) 

1  ^ 

00 

0 

.98 

0.68  ' 

5/4 (A)  -  3(a) 

0. 

t 

97 

0 

.35 

0.50 

•  5/2(B)  -  4(a') 

1. 

00. 

0 

.90 

0.36 

5/3(B)  -  1(a) 

1. 

00 

0 

.93 

0.32 

6/2  -  3(a) 

1. 

00 

0 

.88 

0.77 

G/3(A)  -  1(a)  ^ 

-    ^  0. 

^6 

0 

.43 

0.18 

6/3(B)  -  2(a) 

0. 

86 

0 

.25 

0.45 

6/4  (B)  -  2(a) 

0, 

86 

0 

.20 

0.41 

Number  of 
Students 

35 

40  ^ 

22 

/ 
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NOTES        (Table  4/19) 

(1)  The  questions  listed  above  ^e  classified  by  the  same  numerical 

•  and  alphabetical  code  as  that  used  previously  for  the  definition 
i        of  basic  skills  and  subdivisional  groups'.      Each  of  these 

questions  is  presented  with  **its  appropriate,  group  in  Volume  II. 

(2)  The  form  I  class  in  this 'preliminary  test  was  cin  ungraded  .group 
of  students.      The  form  III  group  was  graded  by  the  school 
administration  as  average  or  slightly  above  on  general  academic 
ability,  and  the  form  V  class  (Biology  group)  was  selected  on 
the  basis  of  subject  preference.      All  groups  contained  both* 
male  and  female  students. 

(3)  Ample  time  was  given  (30-40  minutes)  for  every  student  to 
complete  the  test. 

(4)  Questions  marked  with  an  asterisk  (*)  were  presented  as 
constructional,  rather  than  interpretative  tasks.. 


1.03 


TABLE  4/20 

Distribution  of  Subdivisional  Testing  Groups 


LEVEL 
(Form) 

* 

0  1 

INTERPRETATIVE  AREA 
2      „    3  4 

5  - 

6 

1 

.1/2 

4/3 

6/3 (A) 

2 

1/1 

4/2 

5/4  (A) 

6/4(B) 
6/3 (B) 

3 

2/1 (A)  3/2 
2/1 (B)  3/1 

4/1 

5/3  (B) 
5/2  (B) 

4 

• 

5/3 (A) 
5/2 (A) 

6/2 

ERIC 


limit  was  set  for  the  total  testing  time,  and' in  practice  it  was 
found  that  aLnos^- every  student  fin*  shed  cocnf ortcibly  within  a 
calculated  rate  of  one  question  per  minute.      In  addition,  no  'class 
was  involved  in  testing  for  more  than  one  full  period  (40-50  minu;tes) 
at  a  time,  ^nd  Alternative  peribds'  were  used  when  the  total  requirement 
exceeded  this  limit. 

The  questions  within  each  book  were  arranged  in  .a  different 
random  sequencer'for  every  individual,  in  order  to  determine  the  effect, 


if  any,  of  initial  testing  practice  on  subsequent^erformance.  A 
simij3.ar  study  was  made  by  White  (1971)  ,  yho  found  no  significant 
practice  effect,  but  it  was  nevertheless  thought  desirable  to, 
substantiate  this  result  within  the  somewhat  different  context  of  the 
present  research  project.      The  results  of  this  emalysis  axe  presented 
in  Section  3. 

Perhaps  the  most  important  aspect  of  subdivisional  analysis 
concerns  the  choice  of  an  appropriate  statistical  technique.  The 
only  precedent,  used  by  White  (1971),  involves  a  fundamentally 
intuitive  decision,  substantiated  with  a  complex  statistical  test 
(Lord  1957).      This  test,  however,  is  inappropriate  for  dichotcmous 
data  (White  1971/p.46,  also  P.M.  Lord  -  personal  communication  1971)*, 
and  therefore  strictly  inapplicable  to  this  jneth6<i  of  subdivisional 
analysis.  c 

An  alternative  test,  which  accounts  for  errors  of  measurement 
and  is  therefore  appropriate  for  dichotomous  data,  was  developed  for 
this  project  in  association  with  Dr.  R.T.  White  (Faculty  of  Education, 


Monash  U;iiversity)    and  was  based  on  the 'model  developed  earlier 
by  •White  and  Clark  (1973  ,  see  also  V?hite  1971)  for  the  analysis  of 
hierarchical 'dependence*.      This  test  of  subdiVisional  differei^ce/ 
outlined  in  Append^  I  (Volume  1),  involved  the  calculation  of 
probability  associated  with  the  ocoirrence  by  chance,  or  through 
'errors  "Df^easurement ,  6f.an  observed  or"-»pecif ied  number  of  exceptions 
to  any  pair  of  supposedly  similar  subdivi&ional  skills,    ^  If  itbhis 

r 

probability  is  less  than  a  certain  (arbitrary^  critical  level,  then 

•  * 

the  question  groups  being  compared  are  considered  to  represent 
different  subdivision^  ^killfe.      The  critical  level  selected  for 
the  overall  analysis  -was  O.lO,*  so  that  the  chance  of  a  type  I  errot 
(false  declaration  of  independent  .suWivisional  s)c411s)  in  any 

particular  comparison  or  test  .is  given  by- «  =  1  -    /0.90  where  N  is* 

\ 

the  total  n*amber*of  independent  tests.      Thus  for  the  112  sQbdivisional 
tests  involved  in  this  analysis,  the  critical  level  for  each  is  given 
by  «  =  0.0010.  '  ^  .. 


(D)     Results  'Of:  SubdiviBional  Analysis  •  • 

A  comprehensive  list  of  results  for  the  analysis  of  subdivisional  . 
skills  is  presented  in  Tables  4/21-4/48.      This  list  contains  a 
descriptive  classification  of  each  question  group  comparison,  together 
with  the  relevant  probability  level  and  appropriate  conclusion.  ^ 
Bocauflo  of  occasional  student  errors  of  omission  in  the  testing  bo^ks, 
f;r)mi*  ci^  I  hc.'u  *  hfirl  to  be  discarded,  so  tUtxt  the  total  numbor  of  students  , 
r  «(»MT.«Mi!  <<l   iir  I       .iiMlyr:i«  Wcis  not  constant  <)V(*r  any  f)articulnr 
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sampling  level,  but  was  the  same  for  each  postulated  subdivision 
within  a.  particular  basic  skill • 


(E)    Discussion  of  Results  amd  General  Observations.  o      '  .  ' 

'     Several  of  the  postulated  subdivisional  classification  groups 
are  relevant  to  a  more, or  less  general  rcmge  of  graphical 
interpretation  areas,  cind  are  .thertf ore  represented  by.  iinalogous 
question  groups  in  iti'aLny  of  the  basic  interpretative  skills.  The 
empirical  result's  derived  from  these  analogous  question  groups  are 
in  most  cases  quite' consistent ,  and  generally  substantiate  the 
independence  of  the  postulated  subdivisional  skills,      The^fee  results, 
"Which  are  discussed  in  further  detail  below,  suggest  that  the  initially 
postulated  network  of  basic  intellectual  skills  may  in  fact  represent 
a  considerably  more  aomplex  pattern  of  peirallel  hierarchical  relation- 

ships  between  analogous  but  independent  subdivisions  of  the  relevant 

«  * 

basic  skills.  ■  -  - 

The  independence  of  interpretative  and  constructional  * 
subdivisions- is  obvious  fr^m  the  relevant  results  for  Elements  1/2 
(Table  4/22  (B))  and  1/1 '  (Table  4/21  (A)  )„  which  arc  concerned 
rv^spectivoly  with  positionai  and  co-ordinate  location,  but  the  difference 
is  less  clearly  defined  in  the  case  of  linear  and  co-ordinate 
displacement  calculations,  represented  respectively  by  Elements  4/2 
and  4/1.      In  this  case  it  seems  that  the  dif f erence -between 
interpretative  tind*  constructional  skills,  indicated  in  Tables  4/29 (D) 
and  4/30(A)  for^  Elem.nt  4/1,  and  in  Tables  4/31(D)  and  4/32(A)  for 
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El^rnent  4/2\  may  depend  on  the  type  of  informational  or  pre^sentation 
format  associated  wi^fcti^  the  constructional  skill.,  although  comparative 


information  from  certain  constructional  subdivisions  (see  Table   '  ^ 
4/32 (B)  for  Element  4/2  and  Table  4/30 (B)  for  Element  4/1)  strongly 
suggests  that  in  these  cases  the  puftsentation  format  is  irrelevant. 
A  conservative  decision  based  on  these  results  would  be  that  inter- 

.(  ' 

pretative  and  constructional  aspects  of  graphical  interpretation  are 

,  »  J 

represented  * by  independent  subdiyisional  skills^  at  least  within  the 
areas  examined  ahcyji^y  and  should  therefore  be  separately  ^defined 
for  the  purpose  of  hierarchical  validati6n. 

The  respective  levels  of  difficulty  for  interpretative  aM 
constructional  skills  do, not  reflect  the^dif f erences  suggested  by  the 
subdivisional  analysis,  and  in  fact  appear 'to  involve  nc>  consistent 
relationship  at  all.      Many  students  who  were  able  to  plot  correct 
co-ordinate  positions' in  Element  1/1  were  unable  to  rea^l  the  required 
value?  for  cuialogous  given  points,  although  the  same  effect  was  not 
evident  for  linear  point  location  ^Element  1/2)^,  afid  if  anything  the 
opposite  was  true  in  the  case  of  displacement  calculation  skills 
(Elements  4/1  and  4/2) .      This  emphasises  the  practical  risk  involved 
in  using  an  index  of  difficulty  as  pi  measure  of  subdivisional  difference. 

The  interpretative  difference  between  Horizontal  and  Vertical 
direction  (or  axis  orientation)  is  substantiated  in  a  ran^e  of 

s 

subdivisional  comparisons  associated  with  various  skills  involving 
both  linoar  position  (P:loments  1/2  and  4/2)  and  two-dimensional 
co-ordinate  location  (lUcments  1/1,  2/l(A)  ,  2/l(B)  ,  3/1,  4/X  and  5/2(B)). 
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An  examination  of  predominant  errors  suggests  that  this  difference 
is  not  a  reflection  of  any  common  systematic  misunderstanding  or 
misinterpretation  of  instructions,  since  the  most  prevalent 'sources 
of  error,  which  include  both  random  interchange  and  consistent 
confusion. of  Horizontal  with  Vertical  directions,  and  the  provision 
of  compound  answers  involving  both  co-ordinates,  should  not 
contribute  to  the  number  of  exceptions  observed  in  the  0/2  and  2/0 

cells  of  the  relevant  correlation  tables.      Thus  interpretative 

\ 

questions  involving  Horizontal  and  Vertical  position  can  safely  be 
considered  to  involve  independent  subdivlsional  skills. 

The  comparison  of  subdivisional  skills'  involving  integral  and 
decimal  numbers  also  revels  a  relatively  consistent  pattern  of 
independence  with  respect  to  bc>th  linear  position  (Elements  1/2  and 
4/2)  and  two-dimensional  co-oixlinate  location  (Elements  2/1  (A),  2/1  (B), 
3/1  and  5/2  (B)),  although  in  two  cases  (Elements  1/1  and  4/1)  the 
difference  is  doubtful.      This  result  could  well  be  due  to  the 
popular  practice  of  'rounding  off  fractional  positions  to  the  nearest 
integral  number,'     Although  not  always  done  consistently  (for  example 
see  results  for  subdivisional  group  7  in  Element  2/1  (B) )  ,  this  was 
perhaps  the  most  common  source  of  systematic  error,  irrespective 
of  the  likely  causa,  however,  the  interpretative  skills  concerned 
with  integral  and  fractional  positions  do  not  involve  immediate  mutual 
transfer,  and  must  therefore  be  assumed  to  involve  independent 
subdivisional  abilities,  " 

The  independence  of  integral  and  decimal  subdivisions  is  also 
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shown  ip  the  analytical  results  for  almost  every  computational  skill. 
With  respect  to  operational  variables,  the  difference  between  integral 
and  deckial  calculations  is  firmly  established  f^*  subtraction 
(Element  4/3),  division  (Element  5/4(A))and  multiplication  (Element 
6/4(B)),      ?6r  alternative  subdivisions    efined  in  terms  of 
computational  result,  the  integral/decimal  difference  is  also  generally 
substantiated  for  calculations  of  quotient  (Element  5/4 (A)),  difference 
(Element  4/3)  and  area  (Elements  6/2  and  6/3 (B)),  although  the 
results  for  gradient  (Elements  5/2 (A)  and  5/3 (A) )  are  inconsistent, 
and  those  for  displacement  (Elements  4/1  and  4/2)  inconclusive. 

Calculations  of  positive  and  negative  values  associated  with 
linear  position  (Elements  1/2  and  4/2)  are  considered,  on  the  basis 
of  this  analysis,  to 'involve  different  subdivisional  skills,  and 
with  a  single  possible  exception  (Element  5/2(3)),  the  -same 
conclusion  is  indicated  for  analogous  subdivisional  skills  of  plane 
co-ordinate  location  (Elements  1/1,  2/l/(A)  ,  '2/-l(B)  ,  3/1,  4/1  and 
6/2),      Moreover  the  interpretation  of  a  zero  position,  included  as 
a  special  case,  appears  in  many  instances  to  involve  an  additional 
independent  subdivision,  although  for  some  Elements  (2/1 (B),  4/1, 
4/2  and  6/2)  this  conclusion  is  doubtful. 

Computational  questions  concerned  with  positive  and  negative 
numbers  are  also  shown  in  this  analysis  to  involve  independent 
subdivisional  skills  for  both  subtraction  (Element  4/3)  and  division 
(Element  5/4 (A) ) ,      Alternative  skills 'defined  in  terms  of 
computational  result  are  similarly  substantiated  as  independent 

m 
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subdivisions  for  each  of  the  basic  skills  involving  gradient 
.  (Elements^  5/2  (A)  and  5/3  (A) )  and  quotient  (Element  574      )  , 
difference   (^lement  4/3)  and  displacement  (Elements  4/1  and  4/2)- 
Again  the  special  cases  involving  results  of  zero,  and  for  quotient 
and  gradient  infinity,  must  all  be  considered  to  involve  independent 
subdivisional  skills.      Subdivisions  involving  zero  or  negajtive 
numbers  v/ere  not  defined  for  skills  concerned  with  multiplication 
or  the  calculation  of  area,  since  these  have  no  general  practical 
value  in  graphical  interpretation.      Likewise  a  zero  result  for 
difference  or  displacement  was  considered  a  trivial  case,  and 
therefore  not  included  in  this  analysis. 

In  addition  to  the  general  characteristics  examined  above,  ^ 
most  of  the  basic  interpretative  skills  incorporate  a  number  of  more 
specific  postulated  subdivisioTis.      Although  separately  defined  for 
individual  skills,  these  specific  subdivisional  characteristics  may 
also  refer  in  a  broader  sense  to  other  basic  skills  associated  with 
the  same  area  of  graphical  interpretation,  and  are  therefore 
discussed  below  within  the  appropriate  context  of  interpretative 
area. 

According  to  the  results  of  this  analysis,  differences  in  distance 
of  interpolation  (Element  2/1 (A) )  or  extrapolation  (Element  2/1 (B)) 
do  not  involve  corresponding  differences  in  the  relevant 
subdivisional  skills.      Changes  in  direction  of  extrapolation  are 
also         covered  by  the  same  subdivisional  skill  (Table  4/26  (C)), 
and  the  nature  of  given  information,  whether  line  segment  or  row  of 
points,  similarly  appocurs  to  be  irrelevant  as  a  practical 
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sufedivisional  criterion  for  extrapolation  skills   (Table  4/27 (C)). 
In  contrast  with  these  results,  however,  differenc^es  in  slope  of 
the  given  line  segment  (Element  2/1 (B))  or  row  of  points  (Element* 
2/1  (A))  appear  to  involve  different  subdivisional  skills  of 
extrapolation  and  interpolation  respectively  for  both  positive  and 
negative  categories,  in  addition  to  the  special  cases  of  zero  and 
infinite  (vertical)  gradient. 

The  difference  between  interpolation  and  extrapolation  skills, 
represented  respectively  by  Eletnents  2/1  (A)  and  2/l(B)  in  the 
postulated  learning  hierarchy,  was  confirmed  by  empirical  analysis 
(Table  4/48 (D))  under  similar  subdivisional  conditions  for  both  of 
these  basic  skills.  The  testing  population  (form  3)  was  also  the 
same  for  both  abilities,  although  the,  relevant  groups  of  questions 
were  presented  at  different  times.  \ 

The  importance  of  the  nature  of  turning  point  as  a  criterion 

for  subdivisional  classification  is  not  clear  from  this  analysis. 

o 

The  postulated  subdivisional  skills  concerned  with  the  calculation 
of  maximum  and  minimum  values   (Element  3/1)  are  clearly  indefpendent 
(Table  4/28 (A)),  but  the  analogous  question  groups  involving  the 
recognition  of  appropriate  turning  points  (Element  3/2)  apparently 
represent  the  same  subdivisional  skill  (Table  4/29(C)).  seems, 
however,  from  an  examination  of  predomijnarit  errors/  that  the  instruct 
to  thesfe  questions  were  often  poorly  understood,  and  the  resultant 
difficulty  levels  aro  probably  too  high  for  effective  discrimination 
between  the  postulated  subdivisional  skills. 
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The  calculation  of  gradient  at  any  point  on  a  curve  involves  the 
constructio^  of  a  tangent  to  the  curve  at  the  specified  point  of 
Contact .      The  construction  of  tangents  with  positive  and  negative 


5/2  (B)  and  5/3 (B) ) ,  although  the  special  cases  of  zero  and  infinite 
(vertical)  slope  may  well  be  independent  of  the  positive/ negative 


be  an  important  subdivisional  criterion,  although  results  for  the 
relevant  test  in  Element  5/2 (B)  are  inconsistent  with  those  for  the 
postulated  subordinate  skill   (Element- 5/3 (B) ) • 

The  postulated  subdivisional  skills  involving  the  estimation 
(Element  6/3 (A) )  and  calculation  of  area  (Element  6/2)  are  probably 
the  same  for  both  straight  line  segments  and  curves.      Since  no 
instructions  were  given  for  calculating  area,  a  number  of  different 
methods  were  used,  many  of  them  inappropriate,  and  often  inconsistently 
applied.      Predominant  errors  in  the  calculation  of  simple 
rectangular  area  (Element  6/3 (B))  involved  various  multiples  of  the 
perimeter  and  combinations  of  squared  dimensions,  while  those  for  the 
graphical  model  (Element  6/2)  included  the  gradient  (for  straight 
lino  segments)  and  various  combinations  of  end-point  co-ordinate 
dimensions.      The  specified  scale  units  w6re  also  frequently  ignored. 

The  analysis  outlined  above,  and  resultant  confirmation  of  a 
range  of  independent  subdivisions  within  each  of  the  basic  graphical 
interpretation  skills^ has  important  implications  for  the  subsequent 
validation  of  postulated  hierarchical  relationships.      Apart  from 
fu*f'tr.".\\ i\t  i  mi  .'irp.ir.il  <•  j  n.sl  ructi  on.'i  for  dir(M;ti<)n<ll  .suMivisions ,  and 


slope  both  appear  to  involve  the  same  subdivisional  skill  (Elements 


subdivision. 


The  nature  of  the  curve  (convex  or  concave)  may  also 


the  reorganisatioa  of  certain  interpretative  and  constructional 
skill;;,  furl.hfjr  (;on53traints -.must  also  bo  applied  on  the  use  of 
numerical'  rantjo  and  sign,  with  respect  to  both  variables  (or 
co-ordinates)  and  specific  computational  results,  in  order  to 
maintain  the  validation  study  within  realistic  limits.  These 
modifications  and  constraints  are  discussed  in  Chapter  V. 
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TABLES  4/21-4/48 

•I. 

Results  of  Subdivisional  Analysis 
PRELIMINARY  NOTES 

(1)  The  following  results  are  presented  in  correlation  matrix  form, 
with  the  number  of  questions  correct  for  each  specified 
subdivisional  group  listed  on  the  top  and  left  hand  sida  of 
the  relevamt  table.      The  numbers  of  students  corresponding 

to  the  various  correlational  groups  are  presented  within  the 
table,  and  ths . appropriate  marginal  totals  at  the  outer  edge 
(listed  T) .      The  number  in  the  lower  right  hand  corner  of 
each  table  represents  the  total  population  sample  for  the 
particular  test.  ^ 

(2)  The  Element  number  code  and  classification  for  comparative  tests 
have  already  been  outlined  in  Tables  4/1-4/18. 

(3)  £  indicates  the  combined  probability  that  the  observed  number 
of  students  in  the  0/2  and  2/0  cells  in  each  table  could  have 
occurred  through  errors  cf  measurement,  assuming   (under  the  null 
hypothesis)  that  both  question  groups  represent  the  same 
subdivisional  skill.      Where  no  students  are  recorded  in  the  0/2 
or  2/0  cell,  the  relevant  individual  probability  of  occurrence 
is  equal  to  1.0,  although  in  some  cases  the  number  in  the 
opposite  exceptional  cell  is  alone  sufficiently  high  to  reduce 
the  combined  probability  below  tlhe  critical  level  or  specified 
point  of  significance. 
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TABLE  4/21 


104 


\ 


GROUP 


(A) 

GROUP 

i 


0 

1 

2 

T 

2 

4 

1 

47 

52 

1 

4 

1 

8 

13 

0 

15 

7 

18 

40- 

T. 

23 

9 

73 

105 

(B) 

GROUP 
1 


GROUP-  3 

Oa 

1 

2 

T 

2 

2 

1 

49 

52 

1 

7 

4 

2 

13 

0 

34 

3 

3 

40 

T 

43 

8 

54 

105 

ELEMENT  l/l 


ELEMENT  l/l 


TEST  Interpretation/Construction  TEST  +/~  (Co-ordinates) 
p  =  0.0000 


CONCLUSION  .Question  groups 
1  and  2  represent  different 
subdivisional  skills. 


(C) 

GROUP 

1 


GROUP  4 


0 

1 

2 

T 

2 

5 

7 

41 

52 

1 

7 

1 

4 

13 

0 

38 

1 

1 

40 

T 

SO 

9 

46 

105 

ELEMENT  i/i 

TEST    +/0  (Co-ordinates) 

P  -  0,0006 

CONCLUSION   Question  groups 
1  and  4  represent  different 
subdivisional  skills. 


P  =  0,0001 

> 

CONCLUSION     Question  groups 
1  and  3  represent  different 
subdivisional  skills. 


(D) 

GROUP 
1 


^5R0UP  5 


0 

1 

2 

T 

2 

8 

14 

30 

52 

1 

6 

3 

4 

13 

0 

35 

4 

40 

T 

49 

21 

35 

105 

ELEMENT  i/i 

TEST    I/D  (Co-ordinates) 

P  -  0.0013 

CONCLUSION    Question  groups 
1  and  5  may  represent  the  same 
subdivisional  skill. 
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TARLK  4/22 


105 


GROUP  6 


GROUP  2 


(A) 

GROUP 
1 


0 

1 

2 

T 

2 

6 

6 

40 

52 

1 

7 

4 

2 

-13 

0 

22 

7 

11 

40 

T 

35 

17 

53 

105 

ELEMENT  i/i 
^    TEST    H/V  (Co-ordinates) 
p  =  0.0000 

CONCLUSION    Question  groups 
1  and  6  represent  different 
subdivisional  skills. 


.(B) 


GROUP 

1  ■ 


0 

1 

2 

T 

2 

6 

3 

74 

83 

1 

2 

0 

7 

9 

0 

7 

2 

5 

14 

T 

15 

5 

86 

106 

ELEMENT  1/2 

TEST  Interpretation/Construction 
P  =  0^0000 

CONCLUSION    Question  groups 
1  and  2  represent  different 
subdivisional  skills* 


ERJC 


(C) 

GROUP 
1 


GROUP  3 
0  1 

2 

T 

2 

13 

12 

58 

83 

1 

4 

3 

2 

9 

0 

10 

2 

2 

14 

T 

27 

.17 

/- 

Oil 

106 

ELEMENT  1/2 

TEST     +/-  (Position) 

P  =  0,0000 

CONCLUSION    Question  groups 
and  3  represent  different 

siih^divisional  skills, 

\ 


(D) 

GROUP 
1 


GROUP  4 


^  0 

1 

2 

T 

2 

3 

2 

78 

83 

1 

1 

0 

8 

9 

0 

6 

1 

7 

14 

T 

10 

3 

93 

106 

ELEMENT  1/2 

TEST     +/0  (Position) 

P  =    0.0000  ,v  - 

CONCLUSION     Question  groups 
1  and  4  represent  different 
subdivisional  skills. 
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TABLE  4/23 


GROUP  5 


GROUP  6 


(A) 

GROUP 
1 


0 

1 

2 

T 

2 

26 

10 

47 

83 

1 

5 

1 

3 

9  ^ 

0 

13 

1 

0 

14 

T 

44 

12 

50 

106 

ELEMENT  1/2 

TEST    I/D  (Position) 

P  -     0.0000  . 

CONCLUSION    Question  groups 
1  and  5  represent  different 
subdivisional  skills. 


(C) 

GROUP 
1 


GROUP  2 


0 

1 

2 

T 

2 

3 

.  -7 

50 

69 

1 

3 

3 

2 

8 

0 

26 

2 

30 

T 

32 

12 

63 

107 

ELEMENT  2/i(A) 

TEST    H/V  .(Co-ordinates) 

P  =  0.0001 

CONCLUSION    Question  groups 
1  and  2  represent  different 
subdivisional  skills. 


(B) 

GROUP 

i 


0 

1 

2 

T 

2 

2 

5 

76 

83  , 

1 

2 

3 

.  4 

9 

0 

5 

4 

5 

14 

T 

9 

12 

85 

106 

ELEMENT  x/2     ^'^  ,   ,  . 

TEST    H/V  (Position) 
P'  ~  0.0000 

CONCLUSION    Vjuestion  groups 
1  and  6  represent  different 
subdivisional  skills. 

*  GROUP  3 

(D) 

GROUP 
1 


0 

1 

2 

T 

2 

0 

2 

67 

69 

1 

0 

3 

5 

8 

0 

25 

2 

3 

••30 

T 

25 

7 

75 

107 

ELEMENT  2/1{a) 
TEST   +/-  (slQpe) 
•P  =  0.9007 

CONCLUSION    Question  groups 
1  and  3  represent  different 
subdivisional  skills. 
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TABLE  4/24 


107 


GROUP  4 


GROUP  5 


(A) 

GROUP 

1 


0 

1 

2 

T 

2 

2 

-4 

63 

69 

1 

1 

2 

5 

8 

0 

17 

6- 

7 

30 

T 

20 

12 

'75' 

107 

ELEMENT    2/1  (A) 
TEST    +/0  (Slope) 
P  =  0.0000- 

CONCLUSION    Question  groups 
1  and  4  represent  different 
subdivisional  skills. 


(C) 

GROUP 
1 


GROUP  6 


0 

1 

,2 

'  T 

2 

38 

13 

18 

69 

1 

8  ^ 

0 

0 

8 

0 

29 

1 

0 

30 

T 

75 

14 

18 

107 

ELEMENT    2/1  (A) 

TEST    I/D  (Co-ordinates) 

P  =  0.0000 

CONCLUSION    Question  groups 
I  and  6  represent  different 
subdivisional  skills* 


(B) 

GROUP 
2 


0 

1 

2 

T 

2 

0 

2 

61 

63 

1 

0 

2 

10 

12 

0 

23 

3 

6 

32^ 

T 

23 

7 

77 

107 

ELEMENT  2/1  (A) 
TEST    +/co  (Slope) 
P  "  C.0051 

CONCLUSION    Question  groups 
2  and  5  may  represent  the  same 
subdivisional  skill. 


(D) 

GROUP 

'  1 


GROUP  7 


0 

1 

2 

T 

2 

7 

5 

57 

69' 

1 

3 

2 

3 

.8 

0 

26 

2 

2 

30 

T 

36 

9 

62 

107 

ELEMENT  2/1  (A) 

TEST     +/-  (Co-ordinates) 

P  =  o.booo 

CONCLUSION    Question  groups 
1  and  7  represent  different 
subdivisional  skills. 
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GROUP  8 


GROUP  9 


(A) 

GROUP 
1 


0 

1 

2 

T 

2 

3 

8 

58 

69 

1 

5- 

0> 

3 

8 

0 

26 

.2 

2 

30 

T 

34 

10 

> 

63  ' 

107 

"ELEMENT  2/1  (A) 
TEST    +/0  (Co-ordinates)  ^ 
P  =  0.0001 

CONCLUSION    Question  groups 
1  and  8  represent  different 
subdivisional  skills. 

GROUP  Z 

.(C) 

GROUP 
1 


,  0 

1 

2- 

T 

2 

4 

7 

47 

58 

1 

4 

2 

4 

10 

0 

36 

1 

0 

37 

T 

44 

10 

51 

lCf5 

ELEMENT  2/l(B) 

TEST     HA  (Co-ordThates) 

P  =  0.00^83 

CONCLUSION     Question  groups 
1  and  2  may  represent  the 
same  subdivisional  skill. 


(B) 

GROUP 
1 


0 

1 

.2 

T 

2 

1 

5 

63 

^9 

1 

2 

0 

6 

8 

0 

25 

4 

1 

30 

T 

28 

9 

70 

107 

ELEMENT,  2/1  (A) 

s 

TEST  Interpolation  Distance 
P'  =  0.0251' 

CONCLUSION     Question  groups 
1  and  9  represent  the  same 
subdivisional  skill, 

GROUP  3 


0 

1 

2 

T 

2 

1 

7 

50 

58 

1 

2 

5 

3 

10 

0 

30 

4 

3 

37 

T 

33 

16 

56 

105 

ELEMENT  2/1(3) 
TEST   +/-  (Slope) 
P  =  0.0056 

CONCLUSION   Question  groups 
1  and  3  probably  represent  the 
same  subdivisional  skill. 
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'I'AlilJ':  4/26 


GROUP'  4 


.GROUP  5 


(A) 

GROUP 
1 


0 

1 

2 

T  . 

2 

5 

i 

52 

58 

1 

3 

,  0 

7 

10 

0 

30 

4 

3 

37 

T 

38 

5 

62 

105 

ELEMENT    2/1  (b) 

TEST  VO  (Slope) 

p  =      0,0000  • 

CONCLUSION   Question  groups 
l*^and  4  represent  different 
subdivisional  skills. 


(C) 

GRtfbP 

1 


GROUP  6 


0 

1 

2 

T 

2 

0 

9 

49 

58 

1 

2 

2 

10 

0 

33 

4 

0 

37 

T 

35 

15 

55 

^05 

ELEMENT   2/1  (B)^ 
TEST  '  +/-  (Direction) 
P  =  1.0000 

CONCLUS  ION     Q-aestion  groups 
1  and  6  represent  the  same 
subdivisional  skills. 


'group 
2 


0 

1 

2 

T 

2 

6 

3 

42 

51 

1 

1 

1 

8 

10** 

0 

,  31 

7 

44 

T 

38 

11 

56 

1  ) 

105 

ELEMENJ    2/1  (B) 
TEST     +/«  (Slope) 
P  =  0.0000 

•  CONCLUSION   Question  groups 
2  and  5  represent  different 
subdivisional  skills. 


(D) 


group 
1 

^5) 


GROUP  7 
0  1, 

2 

T 

2 

28 

.<21 

■  r 
9 

58 

1 

•  8 

2 

0 

10 

0 

37 

0 

0 

37 

T 

73 

23 

105 

ELEMENT    2/1  (b)  •  • 

TEST    i/D  (Co-ordinates) 
P  =  0.0000 

CONCLUSION     Question  groups 
I  and  7  represent  different 
subdivisional  skii'is. 


121 


TABLE  4/27 


GROUP  8 


(A) 

GROUP 
1 


0 

1 

2 

T 

2 

5 

6 

47 

5B 

1 

4 

0 

6 

10 

0 

•  33 

3  " 

./I 

37  ! 

T 

42 

9 

54 

105 

ELEMENT    2/1  (b) 

TEST   +/-  (Co-ordinates) 

P  =  0,0000 

CONCLUSION     Question  groups 
1  and  8  represent  different 
subdivisional  skills. 


(0 


GROUP  10 


GROUP 

1  . 

J0> 


q 

1 

2 

T 

2 

0 

5 

53 

58 

1 

4 

4 

2 

• 

10 

0 

37 

0 

0 

37 

T 

41 

V  9 
• 

55" 

105 

ELEMENT    2/1  (b) 
TEST   Line/Points  * 
p' =  1,0000 

CONCLUSION     Question  groups 
1-  and  10  repres(int  the  same 
f;uVxli'visional  skill. 


(B) 

GROUP 
1 


G^ROUP  9 


0  . 

1 

2 

T 

2 

3 

6 

t 

49 

St 

1 

5 

2 

3 

10 

0 

37. 

0 

0 

37 

T 

45 

8 

52 

105 

ELEMENT    2/1  (B) 

TEST   +/0  (Co-ordinates)  j 

P.  =  0.0323 

CONCLUSION  Question  groups  ^ 
1  and  9  probably  represent  the 
same  subdivisional  skill. 


(D)- 

•GROUP 
1 


GROUP    3.1  ■ 


*0 

1 

2 

T 

2 

4 

.  8 

46 

58 

1 

3 

5 

2 

10 

0 

32 

5 

0 

37 

T 

39 

18 

48 

105 

ELEMENT    2/1  (b) 

TEST    Extrapolation  Distance 

P s=  0.0297 

CONCLUSION   Question  groups 
. 1  and  11  probably  represent 
the  same  subdivisional  skill. 


M'ArU.K  4/28 


GROUP  2 


GROUP  3 


(A) 

GROUP 
1  ^ 


0 

1 

2 

T  ■ 

2 

8 

11 

64 

83 

1 

3 

3 

5 

11 

0 

ib 

0 

2 

18 

T 

27 

14 

71 

112 

.ELCMENT  3/1 

TEST  T .  P .  (Maximiiin/Mininium) 
p  =  0.0000 

CONCLUSION    Question  groups 
1  and  2  represent  different 
subdivisional  skills . 


(C) 


GROUP 

1 


GROUP  4 


0 

1- 

2 

T 

2 

14 

16 

53 

83 

1 

3 

2 

6 

11 

0 

15 

0 

3 

18 

T 

32 

18 

62 

112 

LLEMENT  3/1 

TEST    T . P . /Alternative 

P  =  O.OOOO 

CONCLUSION    Question  groups 
1  and  4  represent  different 
subdivisional  skills. 


(B)  . 

GROUP 

.1 


0 

1 

2 

T 

2 

4 

69 

83 

1 

4 

5 

11 

0 

15 

0 

3 

18 

T 

23 

12 

77 

112 

ELEMENT  3/1 

TEST     HA'  (Co-ordinates) 


P  =  0.0000 


CONCLUSION    question  groups 
1  and  3  represent  different 
subdivisional  skills. 


(D) 


GROUP 


fiROUP  5 


0 

1 

2 

T 

14 

18 

51 

83 

^4 

5  . 

2 

11 

■■ «  — 
^  12 

4 

2 

18 

30 

27 

55 

112 

•  '0 
0 

T 

ELEMtNT  3/1 

TE S  T     I /D   (Co-ord  ingte s ) 

P  "  0.0000 

CONCLUSION    Question  groups 
1  and  5  represent  different 
subdivisional  skills. 


123 


Id 


) 


TABLE  4/29 


112 


GROUP  G 


GROUP  7 


(A) 

GROUP 
1 


0 

1 

2 

T 

2 

6 

4 

73 

.  83 

1 

2 

3 

6 

11 

0 

14 

3 

1 

18 

t' 

22 

10 

80 

112 

ELEMENT  3/1 

TEST    +/-  (Co-ordinates) 

p  =  o.oooo 

CONCLUSION    Question  groups 
1  and  '6  represent  different 
subdi visional  skills. 


'.(C) 

GROUP 

1 


GROUP  2 


0 

1 

2 

T 

2 

1 

1 

12 

14 

1 

,  4 

1 

6 

11 

0 

81 

2 

0 

83 

T 

86 

4 

18 

108 

ELEMENT  3/2 

TEST     T.P.  (Max./Min.) 

P  =  0.3278 

CON  CLUS  I  ON    Question  groups 
1  and  2  represent  the 
same  suixlivisional  skill. 


(B) 

GROUP 
1 


0 

2 

T 

2 

8 

18 

57 

83 

1 

7 

3 

11 

0 

14 

JL 

3 

18 

T 

29 

20 

63 

112 

ELEMENT  3/1 

TEST  +/0  (Co-ordinates) 

P  =  0.0001 

CONCLUSION     Question  groups 
1  and  7  represent  different 
subdivisional  skills. 


(D) 

GROUP 
1 


GROUP  2 


0 

•  1 

2 

T 

2 

12 

12 

26 

50 

1 

12 

4 

7 

23 

Q 

25 

5 

0 

30 

T 

49 

21 

33 

103 

ELEMENT  4/1 

TEST  ,  Interpretation  /Construction 
P  ~  0.0030 

CONCLUSION    Question  groups 
1  and  2  may  represent  the 
•same  subdivisional  skill.  ' 


124 


113 


GROUP  3 


GROUP 


(A) 

GROUP 

1 


0 

1 

2 

T 

2 

9 

3 

38 

50 

1 

10 

5 

8 

23 

b 

*  25 

5 

2 

30 

T 

42 

13 

48 

103 

(B) 

GROUP 
2 


0 

1 

2 

T 

2 

0 

4 

29 

33 

1 

3 

4 

14 

21 

0 

39 

5 

5 

49 

T 

42 

13 

48 

103 

ELEMENT  4/1  ELEMENT  4/1 

TEST     Intarpretation/Construction    TEST    Constructional  Divisions 


p  =  0.0000 

CONCLUSION    Question  groups 
1  and  3  represent  different 
subdi visional  skills. 


(C) 


GROUP 
1 


GROUP  4 


0 

1 

2 

T 

2 

9 

10 

31 

50 

X 

11 

4 

23 

0 

20 

3 

7 

30) 

;.T 

37 

24 

42 

103 

ELEMENT  4/1 

TEST    H/V  (Co-ordinates) 

P  =  0.0000 

CONCLUSION  Question  groups 
I  and  4  represent  different 
subfiivisiqnal  skills. 


P  =  0.0373 

CONCLUSION    Question  groups 
2  and  3  probably  represent 
the  same  subdivisional  skill. 


ft 


(D)  . 

GROUP 
.1 


GROUP  5 


0 

1 

2 

T 

2 

12 

20 

18 

50 

1 

12 

9 

2 

23 

0 

23 

6 

1 

30 

T 

47 

35 

21 

103 

ELEMENT  4/1 

TEST    i/D  (Co-ordinates) 

P  -  0.0845 

CONCLUSION   Question  groups 
1  and  5  represent  the  same 
subdivisional  skill. 


5.25 


TABLE'  4/31 


GROUP  6 


GROUP  7 


(A) 

GROUP 
1 


0 

1 

2 

T 

2 

27 

5 

18 

50 

1 

14 

J 

2 

23 

0 

27 

3 

0 

30. 

T 

68 

15 

20 

103 

/ 


ELEMENT  4/1 

TEST     +/~  (Co-ord inat es ) 

P'  =  0.0000 

CONCLUSION     Question  groups 
1  and  6  represent  different 
subdivibional  skills. 


(C) 


GROUP 
1 


GROUP  8 


b 

1 

2 

T 

2 

'  I 

3 

46 

50 

1 

5 

7 

11 

23 

0 

18 

11 

1 

30 

T 

24 

21 

'  58 

103 

ELEMENT  4/1 

TEST'  +/0  (Co-ordinates) 

P  =  0.4267 

CONCLUSION   Question  groups 
1  and  9  represent  the  same 
subdivisional  skill. 


(B) 

GROUP 
1 


0 

1 

2 

T 

2 

34 

6 

10 

50 

1 

20 

0 

3 

23 

0 

27 

2 

X 

30 

T 

81 

8 

14 

103 

ELEMENT  4/1 

TEST  (Displacement ) 

p^  =  0,0000 

CONCLUSION    Question  groups 
1  and  7  reoxesent  different 
subdivisional  skills. 


(D) 

GROUP 
1 


GROUP  •  2 


0 

1 

2 

T 

2 

12 

7 

71 

90 

1 

2 

0 

2 

4 

0 

12 

1 

14 

T 

-^26 

8 

1- 

108 

ELEMENT  4/2 

TE  ST  Interpretation/Construction 
P  =  '  0,0000 

V 

CONCLUSION    Question  groups  : 
1  and  2  represent  different 
subdivisional  skills. 


126 


TABLE  4/32 


115 


GROUP  3 


GROUP  3 


(Ah 

0 

1 

2 

T 

.  KDJ 

0 

1 

2 

T 

2 

5 

23 

62 

90 

2 

1 

19 

54 

74 

GROUP 

1 

1 

3 

1 

0 

4 

GROUP 

'1 

2 

0 

4 

4 

8 

,  0 

11 

3 

0 

14 

0 

18 

4 

4 

26 

T 

19 

27 

62 

108 

T 

19 

27 

62 

108 

ELEMENT 

4/2 

ELEMENT 

4/2 

TES I      Interpretation/Construction  TEST   Constructional  Divisions 


P  =  0.2016 

CONCLUSION   Question  groups 
1  and  3  represent  the  same 
subdivisional  skill. 


P  -  0.0226 

CONCLUSION  'Question  groups 
2  and  3  probably  represeni:  the 
same  subdivisional  skill. 


(C) 

GROUP 
1 


GROUP  4 


0 

1 

2 

T 

2 

10 

77 

90 

1 

1 

1 

2 

M 

0 

13 

0 

.  1 

14 

T 

17 

11 

80 

108 

ELEMENT  4/2 

TEST   H/V  (Position) 

p  =  0.0013 

CONCLUSION  Question,  groups 
J  .jfid  4  may  represent  the  same 


(D) 

GROUP 
1 


GROUP  5 


0 

1 

2 

T 

2 

25 

22 

43 

90 

1 

4 

0 

0 

4 

f\ 
U 

12 

1 

1 

14 

T 

.  41 

23 

44 

108 

ELEMENT  4/2 

TEST    I/n*  (Position) 

p  -  0.0000 

CONCLUSION    Question  groups 
J  and  5  represent  different 
sulxlivisionnl  ski  lis. 


ERIC 
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4 


TABLE  4/33 


116 


GROUP  6 


GROUP  7 


(A) 


GROUP 

1 


0 

1 

2 

T 

2  , 

61 

10 

19 

90 

1 

4 

0 

0 

4 

0 

14 

0 

0 

14 

T 

79 

10 

19 



108 

ELEMENT  4/2" 

TEST     +/-  (Position) 

P  =      0,0000  * 

CONCLUSION   Question  groups 
1  and  6  represent  different 
subdivisional  skills. 


(B) 

GROUP 
I 


"  0 

1 

2 

T 

2 

48 

22 

20 

90 

1 

4 

0 

0 

4 

0 

14 

0 

0 

14 

T 

66 

22 

20 

108 

ELEMENT  4/2 

TEST    +/-  (Displacement) 

P  =  0.0000 

CONCLUSION   Question  groups 
1  and  7  represent  different 
subdivisional  skills. 


(C) 

GROUP 
1 ' 


GROUP  8 


0 

1 

2 

T 

2 

0 

5 

85 

90 

1 

1 

1 

2 

4 

0 

7 

2 

5 

14 

T 

8 

8 

92 

L08 

ELEMENT  4/2 

TEST    +/0  (Position) 

P  =  0,0030 

CONCLUSION   Question  groups 
1  and  8  may  represent  the  same 
subdivisional  skill. 


(D) 

GROUP 

1 


GROUP  2 


0 

1 

2 

T 

2 

4 

13 

82 

99 

1 

1 

1 

3 

5 

0 

2 

1 

1 

4 

T 

7 

15 

86 

108 

ELEMENT  4/3 

TEST   Presentation  Format 

P  =  0,0020 

CONCLUSION  Question  groups, 
i  and  2  may  represent  the  same 
subdivisional  skill. 


ERIC 


128 


TABLE  4/34 


117 


GROUP  3 


(A) 

GROUP 
1 


0 

1 

2 

T 

2 

2 

^  5 

92 

99 

1 

0 

0 

5 

5 

0 

3 

0 

J 

4 

T 

5 

5 

98 

108 

ELEMENT  4/3 

I 

•TEST     Presentation  Format  • 
P  f  0.0003 

CONCLUSION   Question"^  groups 
1  and  3  represent  rJifferenc 
subdivisional  skills. 


(C) 

GROUP 

1 


GROUP  4 


0 

1 

2 

T 

2 

8 

10 

81 

99 

1 

1 

0 

4 

5 

0 

r\ 

0 

4 

4 

T 

9 

10 

89 

108 

ELEMENT  4/3 
TEST    I/D  (Numbers) 
P  =  0.0000 
CONCLUSION 

.Mit^l  I  V  I  *.  I  Of  1. 1  i   r>k  1  1  I  . 


GROUP  3 


(B) 

GROUP 
2 


0 

1 

2 

T 

2 

0 

5 

81 

86 

1 

1 

0 

14 

15 

0 

4 

0 

3 

7 

T 

5 

5 

98 

108 

ELEMENT  4/3 

TEST    Presentation  Format 

P  =  0.0453 

CONCLUSION  Question  groups 
2  and  3  probably  represent  the 
same  subdivisional  skill. 


(D) 

GROUP 
1 


GROUP  5 


0 

1 

2 

T 

2 

81 

7 

11 

99 

1 

3 

1 

i 

5 

^0 

4 

0 

0 

4 

T 

88 

8 

12 

1.08 

ELEMENT  4/3 
TEST    +/-  (Numbers) 
P  -  O.OOCO 

CONCLUSION    ^luostion  qroups 
I   .111(1  '>  r('|it  ■  ..('lit ,  (I  i  I  I  ('r(M)l 
fiiilol  i  V  ) idii.i  I   !:k  i  M  !i . 


ERIC 


129 


TABLE  4/35 


(iROUP 


GROUP  7 


(A) 

GROUP 
1 


0 

1 

2 

T 

2 

34 

17 

43 

99 

1 

3 

1 

1 

5 

0 

4 

0 

0 

4 

T 

41 

18 

49 

108 

ELEMENT    4/3  —  - 

TEST     +/-  (Result) 
P  =  0.0000 

CONCLUSION     Question  groups 
1  and  6  represent  different 
subdivisional  skills. 


(C) 

GROUP 
1 


GROUP  2 


0 

1 

2 

T 

2 

5 

11 

35 

51 

1 

'4 

2 

b 

0 

39 

3 

3 

4S 

T 

48 

IG 

40 

104 

ELEMENT  .5/2  (A) 
TEST   i/D  (Gradient) 
P  =  0.0000 
CONCLUSION' 

Question  groups 
1  and  z  represent  different 
subdivisional  skills. 


(B) 

GROUP 
1 


0 

1 

2 

I 

2 

5 

4 

90 

99 

1 

0 

1 

4 

5 

0 

2 

1 

1 

4 

T 

7 

6 

95 

108 

ELEMENT  4/3 
TEST    -t-/0  (Numbers) 
P  ~  0.0000 

CONCLUSION  Question  groups 
1  and  7  represent  different 

o 

subdivisional  skills. 


(D) 

GROUP 
1 


GROUP  3 


0 

1 

2 

T 

2 

17 

15 

19 

51 

1 

5 

'•3 

0 

8 

0 

40 

5 

0 

45 

62 

23 

19 

104 

ELEMENT    5/2  (A) 
TEST    I/D  (Gradient) 
P  =  0.0065 

CONCLUSION   Question  groups 
1  and  3  may  represent  the  s^ame 
subdivisional  skill. 


100 


TABLE  4/36 


GROUP  3 


GROUP  4 


(A)' 

GROUP 
2 


0 

1 

2 

T 

2 

11 

13 

"l6 

40 

1 

9 

5 

2 

16 

0 

42 

5 

1 

48 

T 

62 

23 

19 

104 

ELEMENT    5/2  (A) 

TEST    I/D  (Displacement) 

P  =  0.0012 

CONCLUSION    Question  groups 
2  and  3  may  represent  the  same 
subdivisional  skill. 


(C) 

GROUP 
1 


GROUP  5 


0 

1 

2 

T 

2 

1 

5 

45 

51 

1 

2 

3 

3 

8 

0 

40 

3 

2 

45 

T 

43 

11 

104 

ELEMENT  5/2  (a) 

TEST    +/-  (Displacement) 

P  =  0.0230 

CONCLUSION    fjuostion  gr-oups 
1  ctncJ      prrjb/jbly  rof)r'^sent  the 
same  subdivisional  skill. 


(B) 

GROUP 
1 


0 

1 

2  • 

T 

2 

6 

5 

40 

51 

1 

4 

3 

1 

8 

0 

42 

1 

2 

45 

T 

52 

9 

43 

104 

ELEMENT  5/2 (A) 
TEST     I/D  (Gradient) 
P  =  0.0000 

CONCLUSION    Question  groups 
1  and  4  represent  different 
•  subdivisional  skills. 


(D) 


GROUP  6 


GROUP  ,. 
1 


0 

1 

2 

T 

2 

25 

'  3 

23 

51 

1 

5 

0 

3 

8 

0 

43 

2 

0 

45 

T 

73 

5 

26 

104 

ELEMENT  5/2(A) 
TEST     +/-  (Gradient) 
P  =  0.0000 

CONCLUSION    gaestion  groups 
1  and  6  represent  different 
subdivisional  skills. 


131 


TABLE  4/37 


120 


-GROUP  7 


GROUP  8 


(A) 

GROUP 
1 


0 

"  1 

2 

T 

2 

18 

3 

30 

51 

1  ' 

4 

1 

3 

8 

0 

33  ' 

1 

11 

45 

T 

55 

5 

44 

104 

ELEMENT    5/2  (A) 

\ 

\ 

TEST     +/0  (Gradient) 
P  =  0.0000 

CONCLUSION   Question  groups 
1  and  7  represent  different 
subdivisional  skills. 


(C) 

GROUP 

7 


GROUP  8 


0 

1 

2 

T 

2  ' 

41 

^  1 

2 

44 

1 

5 

0 

0 

5 

0 

53 

0 

0 

55 

T 

101 

1 

2 

104 

ELEMENT    5/2  (A) 

TEST     O/oo  (Gradient) 

■~P  =  0.0000 

CONCLUSION   Question  groups 
7  and  8  represent  different 
<;utx]  i  vi  iiional  skills. 


(B) 

GROUP 
1 


0 

1 

2 

T 

2 

48 

1 

2 

51 

1 

8^ 

'  0 

0 

8 

0 

45 

0 

0 

45 

T 

101 

1 

•  2 

104 

ELEMENT    5/2  (A) 
TEST    +/"  (Gradient) 
P  =  0.0000 

CONCLUSION   Question  groups 
1  and  8  represent  different 
subdivisional  skills^ 


(D) 

GROUP 
1 


GROUP  2 


0 

1 

2 

T 

2 

7 

13 

40 

60 

1 

6 

<v 

0., 

8 

0 

36 

0 

1 

37 

T 

49 

15 

•  41 

105 

ELEMENT    5/3  (A) 
TEST    I/D  (Gradient) 
P  =  0.0040 

CONCLUSION     Question  groups 
1  and  2  may  represent  the 
same  subdivisional  skill. 


er|c 


i 


TABLE  4/38'  l^J- 


GROUP 


GROUP  3 


(A) 


GROUP 
1 


0 

1; 

2 

T 

2 

29 

11 

20 

60 

1 

"8 

0 

0 

8 

0 

36 

0 

1 

37 

T 

73 

11 

•  21 

105 

ELEMENT   5/3  (A) 
TEST     I/D  (Gradient) 
P  =  0.0000 

CONCLUSION     Q:iestion  groups 
1  and  3  represent  different 
subdivisional  skills. 


-  (C) 


GROUP  4 


GROUP 
1 


0 

1 

2 

T 

2 

13 

•42 

60  ■ 

1 

6 

1 

8 

0 

35 

2 

0 

37 

T 

46 

16 

43 

105 

ELEMENT    5/3  (A) 
TEST      i/D  (Gradient) 
P  ~  0.0663 

CONCLUSION     Question  groups 
1  ,and  4  probably  represent  the 
.sajTiG  subdivisional  skill. 


(B) 

GROUP 
2 


0 

1 

2 

T 

2 

18 

6 

17 

41 

1 

7 

4 

.'  4 

15 

0 

48 

1 

0 

49 

T 

73 

11 

21 

105 

ELEMENT    5/3  (A) 

TEST     I/D  (Displacement ) 

P  =  0.0000 

CONCLUSION   Question  groups 
2  and  3  represent  different 
subdivisional  skills. 


(D) 

GROUP 
1 


GROUP  5 


0 

1 

2 

T 

2 

9 

12 

39 

60 

1 

6 

1 

1 

8 

0 

37  . 

0 

0 

37 

T 

52 

13, 

40 

105 

ELEMENT    5/3  (A) 

TEST     +/-  (Displacement) 

P  '  0.0030 

CONCLUSION  Question  groups 
1  and  5  may  represent  the  same 
subdivisional  skill. 


133 


TABLE  4/39 


122 


GROUP  6 


GROUP  7 


(A) 

GROUP 
1 


0 

1 

2 

T 

2 

4 

4 

52 

60 

1 

4- 

*  2 

2 

8 

n 

35 

1 

1 

37 

T 

43 

7 

55 

105 

ELEMENT  5AV(a) 
TEST     i/-  (Gradient) 
P  =  0.0001 

CONCLUSION   Question  groups 
1  and  6  represent;  different 
subdivisional  skil.ls. 


(C) 


GROUP 

1  "  - 


GROUP  8 


0 

1 

2 

T 

2 

54 

0 

6 

60 

1 

8 

0 

0 

8 

0 

36 

0 

1 

37 

T 

98 

•  0 

105 

ELEMENT    5/3  (a) 
TEST  (Gradient) 
P  -  0.0000 


CONCLUSION  Question  groups 
1  and  8  represent  different 
subdivisional  skills. 


(B) 

GROUP 
1 


0 

1 

2 

T 

2 

22 

5 

33 

60 

1 

6 

1 

■  1 

8 

0 

2 

7 

37 

T 

56 

'8 

41 

105 

ELEMENT    5/3  (A) 
TEST    j/o   (Gradi^t)  , 
P  "  0,0000 

» 

CONCLUSION  Question  groups 
1  and  7  represent  different 
subdivisional  skills. 


(D) 

GROUP 

7 


GROUP  8 


0 

,1 

2 

T 

2 

36 

0. 

5 

41 

6 

0 

2 

8 

0 

56  ; 

0 

0 

56 

T. 

98  ' 

0 

7 

105 

ELEMENT    5/3  (A) 
TEST    0/«>  (Gradient) 
P   -  0,0000 

CONCLUSION   Question  groups 
7  and  8  represent  dif ferment 
subdivisional  skills. 
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'I'AnLE  4/40 


GROUP  2 


GROUP  3 


(A) 

GROUP 
»  1 


0 

1 

2 

T 

2 

39 

16 

54 

109 

1 

1 

0 

0 

1 

0 

1 

0 

0 

1 

T 

41 

16 

54 

111 

ELEMENT    5/4  (A) 
TEST   I/D  (Quotient) 
P  =    ' 0.0000 


CONCLUSION   Question  group's 
1  and  2  represent  different 
subdivisional  skills. 


(C) 

GROUP 

2  • 


GROUP 


0 

-1 

21 

.T 

2 

24 

12 

18 

54 

1 

^  9 

4 

13 

16 

0 

36 

4 

1 

41 

T 

69. 

20 

22 

111 

ELEMENT 

TEST    i/D  (Variables) 

iP  =      0.0000       •  \ 

/CONCLUSION     Question  groups 

2  and  3  ^represent  different 
'» subdivisional  skills. 


CB) 

GROUP 
1 


0 

1 

2 

1 

2 

67 

20 

22' 

109 

1 

1 

0 

0 

1 

A 
U 

1 

0 

0 

1 

T 

69 

20 

22 

^111 

ELEMENT    5/4  (A) 
TEST    I/D  (Quotient) 
P  =  0.0000 

CONCLUSION     Question  groups 
1  and  3  represent  different 
subdivisional  skills. 


(D) 


GROUP  4 


0 

1 

2 

T 

2 

57 

14 

38 

109 

ft 

1 

1 

0 

0 

1 

0 

1 

0 

0 

^  1 

T 

59 

14 

38 

111 

ELEMENT    5/4  (A) 

TEST      l/D  (Quotient)  '     ,  . 

P  =  0.0000 

CONCUDSION    Question  groups 
.J.  and  4  represent  different 
subdivisional  skills. 
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TABLE  AMI 


(A) 

GROUP 
1> 


GROUP  5 
0  12 


GROUP  6- 


2 
1 
0 
T 


39 


40 


10 


11 


60 


60  • 


109 


Ifl 


ELEMENT   1/4  (A) 
TEST    +/-  (Variables) 
P  = •  0.0000 

CONCLUSION-  Que<=t-  .on  groups 
1  and  5  npprosent  different 
subdivisiona.l  skills. 


(C) 

GROUP 
.1 


GROUP  7. 


0 

1 

2 

T 

2 

13 

7 

89 

109 

1 

0 

0 

1 

1 

0 

0 

0  . 

It^ 

1 

T 

13 

7 

91 

lii. 

ELEMENT  5/4  (A) 
'TE.ST    +/0  (Quotient); 
P  =  0-0000 

CONCLUSION    Question  groups 
1  and  7  represent  different 
subdivisional  skills. 


(B) 

GROUP 
1 


0 

1 

2 

T 

 # — 

2 

13 

•23 

73 

109 

1 

.  0 

.  0 

1 

1- 

0 

1 

0 

0 

1 

T 

14 

23  * 

74 

111 

ELEMENT   5/4  (A)  ' 
TEST     +/-  (Quotient) 
\    P  ^  -  0,0006    *  • 

CONCLUSION  ^Question  groups 
^1  and  6  represent  different  * 
subdivisional  skills. 


GROUP 
1 


GROUP  8 


0 

1 

/2 

T 

2 

106 

0 

3 

109 

•1 

1 

«  0 

0 

1 

n 

1  • 

0 

0 

I 

T 

108 

0 

3 

11] 

ELEMENT   5/4  (A) 
TEST    +/«  (Quotient) 
P  -  0.0000* 

CONCLUSION    Question  groups 
1  and  8  represent  different 
subdivioional  skills. 
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TABLE  4/42 


(A) 

GROUP 
7 


GROUP'  8 


-  0  - 

1 

2 

T 

2 

88 

0 

3 

91 

1 

.7 

0 

0 

1 

0 

13 

0-'- 

0 

13 

T 

108 

0 

3 

111 

ELEMENT   5/4  (a) 

TEST       0/"  (Quotient) 

P  =  0.0000 

CONCLUSION     Question  groups 
7  and  8  represent  different 
subdivijional  skills. 


(C) 

GROUP 
1 


GROUP  3 


0 

1 

2 

T 

2 

6 

9 

40 

55 

1 

2 

3 

0 

5 

0 

42 

1 

1 

44 

T 

50 

13 

41 

104 

ELEMENT     5/2  (B) 

TEST     VO  (Co-ordinates) 

p  =  0.0001 

CONCLUSION     Question  groups 
1  and  3  represent  different 
suWivjyional   *;ki  lis. 


GROUP  2 


(B) 

GROUP 

1 


0 

1 

2 

T 

2 

4 

14 

37 

55 

1 

2 

3 

0 

5 

0 

42 

2 

0 

44 

T 

4&  . 

19 

37 

104 

ELEMENT    5/2  (b) 

TEST       +/-  (Co-ordinates) 

P  ~  0,1921 

CONCLUSION     Question  groups 
1  ,and  2.  represent  the  same 
subdivisional  skill. 


(D) 

GROUP 
1 


GROUP  4 


1 

2 

T 

2 

3 

2 

50 

55 

1 

2 

2 

* 

1 

5 

d 

44 

0 

0 

44 

T 

49 

.  4 

51 

104 

ELE/^ENT    5/2  (B) 

/ 

T&ST     I/D  (Co-ordinates) 

/ 

?i  =  o.odi7 

.^CONCLUSION  Question  groups 
1  and  4  may  represent  the  Scune 
subdivi sional  ski 1 Is , 


A 


TABLE  4/43 


126- 


(A) 

GROUP 

1 


GROUP 

5 

1 

2 

T 

(B) 

GROUP 
0  , 

6 

1 

2 

T 

2 

9 

5 

41 

55 

GROUP 

1 

2  • 

1 

2 

52 

55 

1 

4 

1 

•  0 

5 

1 

2* 

1 

2 

5 

0 

42 

2 

0  . 

44 

0 

43 

1 

0 

44 

T 

55 

8 

41 

104 

T 

46 

4 

•  J' 
54 

104 

ELEMENT    5/2  (b)     ^  ' 
TEST     H/V  (Co-ordinates) 
P  "  0.0000 

CONCLUSION     Question  groups 
1  and  5  represent  different 
subdivisional  skills. 


(C) 

GROUP 

1 


GROUP  7 


0 

1 

2 

'  T 

2 

0 

2 

53 

55 

1 

0 

2 

'  3^ 

5 

0 

43 

1 

0 

44 

T 

43 

5 

56 

104 

ELEMENT  -5/2(B) 
TEST     +/0  (Slope) 
P  =  1.0000. 

<  ^ 

CONCLUSION   Question  groups 
1  and  7  represent  the  same 
fjubdivisional  skill. 


ELEMENJ    5/2  (B) 
TEST    +/-  (Slope) 
P  ~  0,0848 

CONCLUSION     Question  groups 
1  and  6  represent  the  same 
subdivisional  skill. 


(D) 


GROUP 


.GROUP  8 


0 

1 

2 

T 

2 

0 

4 

51 

55 

1 

0 

2 

3 

5 

0 

28 

13 

44 

T 

28 

9 

67 

104 

ELEMENT  5/2  (B) 
TEST    +/«>  (Slope) 
P  =  0.0000 

CONCLUSION     Question  groups 
1  and  8  represent  different 
suMivisional  skills. 
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TABLE  4/44 


127 


GROUP  9 


GROUP  2 


(A) 

GROUP 
1 


0 

1 

2 

T 

1 

8 

46 

55 

3 

2 

0 

5 

40 

2 

2 

44 

44 

12 

48 

i04 

2 

1- 
0 
T 

ELEMENT    5/2  (b) 
TEST  Convex/Concave 
P  =  0.0008 

CONCLUSION       Question  groups 
1  and  9  represent  different 
subdivisional  groups. 


(B) 

GROUP 
1 


0 

1 

2 

T 

2 

0 

2 

53 

55 

1 

2 

2 

1 

5 

0 

43 

0 

jr  1 

44 

T 

45 

4 

55 

104 

ELEMENT    5/3  (B) 
TEST    +/-  (Slope) 

P   =  0.0402 

CONCLUSION  .  Question  groups 
I  and  2  probably  represent  the 
same  subdivisional  skill. 
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(C) 

GROUP 
1 


GROUP  3 


0 

1 

2 

T 

2 

0 

4 

51 

55 

1 

0 

0 

5 

5 

0 

39 

0 

5 

44 

T 

39 

4 

Gl 

104 

ELEMENT    5/3  (b) 
TEST    +/0  (Slope) 
P  =  0.0000 

CONCLUSION    r)ucstion  groups 
I  .ifid  3  ro[>rcisont  different 
sutxJ  iv  i  s  ion/j  ]  rik  i  1 1  s  - 


(D) 

GROUP 
1 


GROUP  4 


0 

1 

2 

T 

2 

0 

5 

50 

55 

1 

1 

2 

2 

5 

0 

38 

2. 

4 

44 

T 

39 

9 

\ 

56 

104 

ELEMENT     5/3  (B) 
TEST    +/"  (Slope) 
P  ~  0.0004 

CONCLUSION    Question  groups 
1  and  4  represent  different 
subdivisional  skills. 
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TABLE  4/45 


GROUP  5 


GROUP  2 


(A) 

GROUP 
1 


0 

1 

2 

T 

2 

1 

1 

53 

55 

1 

1 

3 

1 

5 

0 

42 

2 

6 

44 

T 

44 

6 

54 

104 

ELEMENT   5/3  (b)  , 
TEST  Convex/Concave 
P  =  0.0845 

CONCLUSION     Question  groups 
1  and  5  represent  the  same 
subdivisional  skill. 


(C) 

GROUP 
1 


GROUP  3 


0 

1 

2 

T 

2 

1 

5 

"  9 

15 

1 

3 

/ 

1 

11 

0 

70 

6 

2* 

78 

T 

74 

18 

12 

104 

ELEMENT  6/2 

TEST     i/D  (Co-ordinates) 

P  =  0.0545 

CONCLUSION   Question  groups 
1  and  3  represent  the  same 
subdivisional  skill. 


(B) 

GROUP 
1 


0 

1 

2 

T 

2 

8 

6 

1 

15 

1 

6 

3 

2' 

11 

0 

75 

3 

0 

78 

T 

89 

r2 

3 

104 

ELEMENT  6/2 

TEST   straight  line/Curve 

P  =  0.1370 

CONCLUSION  Question  groups 
1  an^2  represent  the  same' 
subdivisional  skill. 


(D) 

GROUP 
.1 


GROUP  4 


0 

1 

2 

T 

2 

6 

4 

5 

15 

1 

5 

4 

2 

11 

0 

73 

3 

2 

78 

T 

84 

11 

9 

104 

ELEN|ENT  6/2 

TEST    +/-  {Co-ordin?i-es) 

P  =  0^9000 

CONCLUSION    Question  groups 
1  and  4  represent  different 
subdivisional  skills. 
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TABLE  4/46 


129 


GROUP 


dROJP  6 


(A) 

GROUP 
1 


0 

1 

2 

T 

2 

0 

4 

f 

11 

15 

1 

\ 

2 

6 

3 

11* 

0 

73 

2 

3 

78 

T 

75 

12 

17 

104 

ELEMENT  6/2 

TEST     +/0  (Co-ordinates) 

P  =     0.0132  '  :^ 

CONCLUSION  Question  groups 
1  and  5  probably  represent 
the  same  subdivisional  skill. 


(C) 

GROUP 
1 


GROUP  7 


0 

1 

2 

T 

2 

5 

3 

7 

15 

1 

2 

4 

5 

11 

0 

70 

6 

2 

78 

T 

77 

13 

14 

104 

ELEMENT  6/2 

TEST    H  =  l/l  (scale) 

P  =  0,0000 

CONCLUSION     (question  qroups 
I  and  7  roprosont  different 
subdivisionnl  skills. 


(B) 

GROUP 
1 


6 

1 

2 

T 

2 

6 

4 

5 

15 

1 

5 

3 

3 

11 

0 

73 

4 

1 

78 

T 

84 

11 

9 

104 

ELEMENT  6/2 
TEST     i/D  (Scale) 
P  =  0.0001 

CONCLUSION  .Question  groups 
1  and  6  represent^  different 
subdivisional  skills. 


(D) 

GROUP 
1 


GROUP  8 


0 

1 

2  ' 

T, 

2. 

3  • 

5 

'  7 

15 

1 

5 

-  -1 

11 

0 

72 

-  5 

3 

78 

T 

80 

9  - 

15 

104 

ELEMENT  6/2 

TEST    H  =  I/D  (Scale) 

P  =  0.0000 

CONCLUSION  Question  groups 
1  and  8  represent  difl^erent 
subdivisional  skills. 
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tablp:  4/47 


130 


(A) 

GROUP 
1 


GROUP  2 
0  1 

2 

T 

(B) 

GROUP  2 
0  1 

2 

T 

2 

5 

9 

15 

29. 

GROUP 
1 

2 

26 

19 

48 

93 

1 

^  6 

3 

11 

20 

1 

5 

0 

0 

,  5 

0 

53 

4 

r 

0 

•10 

0 

0 

10 

T 

64 

16 

27 

107 

T 

41 

19 

48 

108 

ELEMENT    6/3  (A) 
TEST     straight  Line/Curve 
P  ^  6.0023 

CONCLUSION     Question  groups 
1  and'^''2  may  represent  the  same 
^subdiv^siprial  skill. 

«,../■, 


1 


GROUP  3 


-GROUP 


'  .  4     «  f* 


^0  ^ 

1 

2 

T 

"0 

0 

93 

93 

^  1 

0 

4 

5 

■  10 

0 

0 

10 

•  11 

0 

97 

108 

.ELEMENT    6/3  (b) 
*rEST    H  =  I/l  (Dimensions) 
P  ^-  1.0000 

CONCLUSION    Question  groups 

i  and  3  represent 

the,  same  subdivisional  skill. 


ELEMENT    6/3  (B) 

TEST     i/D  (Dimensions) 

P  0.0000 

CONCLUSION    Question  groups 
1  and  2  represent  different 
subdivisional  skills. 


(D) 

GROUP 
1 


GROUP  4 
0  1 

2  , 

T 

2 

12 

8 

73 

93 

1 

2 

0 

3 

5 

0 

10 

0 

0 

10 

T 

24 

8 

76 

108 

ELEMENT  6/3(8) 
TEST   H  =  i/D  (<  1) 

=  0.0000 

CONCLUSION     Question  groups 
1  anri  4  represent  different 
subdivisional  skills. 
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TABLE  4/48  


GROUP  2 


GROUP  3 


(A) 

A 
U 

1 
1 

T 

(B) 

0 

1 

2 

f 

o 

GROUP 

1  1 

34 

19 

41 

94 

2 

0 

0 

94 

94 

4 

4 

5 

13 

GROUP  ^ 

1 

0 

0 

1 

12 

13 

0 

2 

0 

3 

5 

3 

0 

2 

5 

T 

40 

23 

49 

112 

T 

3 

1 

108 

112 

ELEMENT 

6/4 (B) 

ELEMENT 

6/4 (B) 

TEST      I/D  (Numbers) 

TEST   A  = 

I/l 

(Numbers) 

p  = 


0.0000 


CONCLUSION   Question  groups 
1  and  2  represent  different 
subdivisional  skills. 


R  =  0.1502 

CONCLUSION     Question  groups 
1  and  3  represent  the  same 
subdivisional  skill. 


(C) 

GROUP 
1 


GROUP  4 


0 

1 

2 

T 

2 

14 

14 

66 

94 

1 

3 

0 

10 

13 

0 

2 

0 

3 

5 

T 

19 

14 

79 

112 

ELEMENT    6/4  (b) 
TEST   A  =  i/D  (  <i) 

P  0.0000 

CONCLUSION     Question  groups 
J  and  4  rofircscnt  different 
s  u  bd  i  V  i  55  i  o  n  J  skills. 


(D) 

GROUP 
2/1 (A^-l 


GROUP  2/l(B)-10 


0 

1 

2 

T 

2 

10 

7 

49 

66 

1 

5 

0 

3 

8 

0 

25 

0 

2 

27 

T 

40 

7 

54 

101 

ELEMENT  2/1  (A)  -  2/1  (b) 

TEST  Interpolation/Extrapolation 

P  ~  0.0000 

CONCLUSION    Interpolation  and 
Extrapolation  involve  independent 
skills. 
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iff 

3,    The  Effect,  of  Initio!  Testing  Practice  on  Subsequent  Performance 

In  order  to  dotonnino  the  effect  of  initial  testing  practice  on 
subscc^ont  performance,  the  questions  within  each  book,  incorporating 
all  subdivisional  groups  for  a  particular  intellectual  skill,  were 
arranged  in  a  different  random  sequence  for  every  student.      If  the 
practice  effect  wore  insignificant,  that  is,  if  attempting  earlier 
questions  had  no  noticeable  e^ffect  on  later  performance,  it  could 
be  expected  that  the  number  of  correct  responses  for  any  question 
would  be  independent  of  the  order  of  presentation  within  the  appropriate 
book.      Since  this  result  could  be  affected  by  errors  of  measurement, 
the  correlated  observations  of  question  performance  and  position  were 
tested,  by  the  calculation  of  Cochran's  Q  (Cochran  1950) ,  to  determine 
whether  or  not  they  could  be  accounted  for  by  chance  occurrence  under 
the  null  hypothesis  of  no  practice  effect. 

The  probability  associated  with  the  occurrence  of  observed  results 
under  the  null  hypothesis  is  presented  for  each  set  of  questions  in 
Table  4/49,      Only  two  of  these  probabilities,  namely  those  for 
Elements  3/2  and  5/3 (B) ,  are  less  than  0,05,  and  if  the  observed 

A' 

distribution  of  all  eighteen  probabilities  is  compared  with  their 
expected  distribution  under  the  hypowhesis  of  no  change  in  testing 
performance  for  any  element  (see  Table  4/50) ,  it  can  be  shown  that 
both  of  these  distributions  are  effectively  the  same.      This  comparison 
involves  the  Kolmogorov-Smirnov  test  (see  Bradley  1968)  for  goodness 
of  fit. 

It  can  safely  be  assumed  from  the  results  of  this  analysis  that 
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the  use  of  multiple  questions  to  test  each  basic  skill  will  not 
involve  a  significant  practice  effect,  that  is,  the  initial  attanpt 
at  questions  for  any  particular,. skill  will  have  little  influence  on 
subsequent  performance  in  tasks  of  a  similar  nature.      This  assumption, 
which  was  siiailarly  confirmed  by  White  (1971),  has  important 
implications  for  the  statistical  analysis  of  hierarchical  relationships, 
since  it  obviates  the  necessity  to  consider  any  complicating  practice 
effect,  while  allowing  the  use  of  multiple  questions  to  account  for 
errors  of  measur^ent.      Thus  duplicate  questions  are  used  in  this 
research  to  test  each  basic  and  subdivisional  skill  in  the  hierarchy 
validation  programme.      The  development  and  trial  of  this  validation 
programme  are  described  in  Chapter  V. 

/ 
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TABLE  4/49 

The  Kffcct  of  Testing  Practice  on  Subsequent  Performance 


ERIC 


Element 
Number 

Number  of 
Students 

Number  of 
Questions 

Q 

P 

1/1 

105 

0-  12 

16 . 0 

n   1  c 
0. 15 

1/2 

lOb 

12 

5 . 2 

0 . 

Z/L  (A; 

10  / 

1  o 

18 

22 .  ? 

0.  lb 

0  /I  /ta\ 
i2/±  {B) 

IOd 

22 

1  c  o 
lb  •  o 

/I 

14 

1/1  1 
14  *  1 

U.  J  / 

3/i2  ? 

1  rto 

JLOo 

•s 

3 . 4 

0. 

>i  /I  1 

1  riO 
iOJ 

1  £ 

lb 

11  o 

11.3 

U.  /  J 

4/2 

lOo 

16 

14 « o 

0.4/ 

1  no 

14 

10 .  y 

U.  bl 

5/2  (A) 

104 

1  c 

Id 

14  •  2 

n    C  1 

0.51 

5/3  (A) 

105 

16 

8-0 

0.92 

5/4  (A) 

111 

16 

24.8 

0.05 

5/2 (B) 

104 

18 

18.8 

0.34 

5/3 (B) 

104 

10 

17.2 

0.047 

6/2 

104 

16 

12.8 

0.61 

6/3 (A) 

107 

4 

0.76 

0.86 

6/3 (B) 

i08 

8 

5.2 

0.64 

6/4 (B) 

112 

8 

1.7 

0.97 

NOTES 


J(J-l)    ZY,^  -    (J-1)  )^ 
(1)     Q  =   ^  ^ 


k  k 
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\ 

J       the  number  of  questions  used  to  test  a  particular 
element,  and  Y.  is  the  total  score  for  all  students  on  a 
specified  question  (j),    Y.   is  the  nxamber  of  questions 
correct  for  any  given  student  (k) . 

2 

(2)    2,       distributed  as  x    on  (J-1)  degrees  of  freedom  under 
the  hypothesis  of  no  change  in  performance  throughout  the 
appropriate  test,      P  is  the  probability  associated  with  the 
observed  value       Q  occurring  under  the  same  hypothesis. 


4 


136 


TABLE  4/50 

Ob!;i  rvod  an'^J  lixpoct.od  bi?;t:ributions  of  P  (fxom  Table  4/49) 


NOTES 


7  O 


'S   (X)-F  (X) 
n  o 


9.4 

0.06 

0.023 

0.04 

17.2 

0.11 

0.047 

0.06 

24.8 

0.17 

0.05 

0.12* 

16.0 

0.22- 

0.15 

0.07 

22.9 

0..28 

0.16 

0.12* 

18.8 

0.33 

0.34 

0.01 

14.1 

0.39 

0.37 

0.02 

14.8 

0.44 

0.47 

0.03 

14.2 

0.50 

0.51 

0.01 

10.9 

0.56 

0.61 

0.05 

12.8 

0.61 

0.61 

0.00 

5.2 

.0.67 

0.64 

0.03 

11.3 

0.72 

0.73 

0.01 

16.8 

0.78 

0.73 

0.05 

0.76 

0.83 

0.86 

0.03 

5.2 

0.89 

0.92 

0.03 

8.0' 

0.94 

0.92 

0.02 

1.7 

1.00 

0.97 

0.03 

/  r 
if 


(1)     X  is  the  observed  value  o%       and  Fq(X)  the  corresponding     .  "~ 
value  of  P  (both  derived  from  Table  4/49) ,  under  the  hypothesis 
of  np  change  in  testing  performance  for  any  element.  ^^^^^ 
is  the  expected  cumulative  frequency  for  the  observed  Values 

of  2-  '      ;  • 
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Tho  m.iximum  valuo  of     |  Sn  (X) -F^  (X)|       is  0.12  This 
value  is  not  significant  at  the  0.05,  or  even  at  the  0.20 
level,  which  requires  a  maximum  deviation  of  0.24  for 
significance.      The  hypothesis  of  no  change  in  testing 
performance  for  any  element  is  therefore  accepted  as  valid 
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CHAPTER  V 

m 

THE  MODIFICATION  AND  TOIAL  VALIDATION  OF  THE 
POSTULATED  LEARNING^HIKRARCHY 


r 


o 
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-  1 

!•  Introduction 

Foliowinq  thfj  suWivisional  analysis  outlined  in  Chapter  IV, 
several  important  modif icat ions | were  made  to  the  definition  of  certain 
basic  skills,  and  to  the  nature  lof  associated  interrelationships  in 
the  postulated  learning  hierarchy.      In  addition  to  these  modifications, 
a  number  of  general  restrictions  were  imposed  so  that  the  range  of 
independent  subdivisional  skills  within  each  of  the  basic  abilities 
could  be  minimised,  thus  reducing  the  danger  of  falsely  rejecting 
any  valid  hierarchical  relationship.      An  outline  of  these 
modifications  and  restrictions  is  presented  below  in  section  2, 
explained  within  the  context  of  relevant  interpretative  areas,  and 
incorporating  the -appropriate  rationale. 

2.    Modifications  and  General  Restrictions  to  the  Postulated 
Learning  Hierarchy 

The  analysis  of  subdivisional  skills  for  calculating  the  p<^sition 
of  a  point  on  a  two-dimensional  grid  did  not  include  the  case  of  a 
specified  position  on  a  continuous  line-segment  graph,  because  this 
v/as  considered,  on  closer  inspection,  to  involve  a  different  type 
of  skill,  tiiuuyii  probably  related  to  the  former  at  a  higher  level  of 
complexity*      Thu5>  t:ho  calculation  of  position  on  a  continuous  line- 
segment  graph  was  subsequently  defined  as  a  new  terminal  skill  for 
area  1,  dependent  uj)on  calculating  the  position  of  an  isolated  point, 
and  involving  its  own  analogous  set  of  subdivisional  skills.  The 
actual  location  of  a  specified  point  on  a  continuous  .line-segment 
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qraph,  which  is  the  parallel  constructional  skill  to  the  interpretative 
calculation  of  position,  does  not  appear  to  involve  the  same 
procedural  steps,  and  was  therefore  defined  as  an  independent  terminal 
skill  for  area  1,      The  addition  of  these  interpretative  and 
constructional  skills,  designated  elements  1/1 (A)  and  1/1 (B) 
respectively  (see  Table  5/4)  ,  also  necessitated  a  redefinition  of 
relevant  interrelationships  with  other  areas  of  the  postulated 
learning  hierarchy,  and  these  changes  are  outlined  at  appropriate 
points  bo low. 

In  addition  to  the  basic  structural  changes  associated  with  area 
1,  a  number  of  more  general  modif icaticnc  and  restricticnc  were 
imposed  on  each  of  these  positional  abilities  with  respect  to  the 
relevant  subdivisional  skills  outlined  and  empirically  established 
in  Chapter  IV.      It  v/as  decided,  for  exan:plo,  to  restrict  the  use 
of  numerical  positions  to  a  limited  range  of  positive  integers 
(1-10),  in  order  to  avoid  confusion  with  the  independent  skills 
involving  noqativc  and  decimal  numbers,  and  the  special  case  of  zero. 
It  v;as  rocoyniscd,   in  addition,  that  the  different  subdivisional 
'Skills  for  calculatinq  Horizontal  and  Vertical  position  w^uld  have 
to  be  independently  tdjgnt  and  ^ested ,  since  botn  would  be  necessary 
in  the  subsequent  calculation  of  gradient  (area  5) .      The  limitations 

outlined  above  on  positional  number  and  sign  were  also  applied  to 

\  , 

\ 

otHer  basic  skills  interrelated  with  those  of  area  1. 

1 

,  The  basic  intc'l  Jocjtual  skills  of  interpolation  (element  2/1  (A) ) 
,irifl  extrapolation  (f^loment  2/1  (B))  woro  considered,  when  defined  in 
terms  of  operational  instruction:^,  to  be  hierarchically  related  to 
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the  newly  defined  terminal  skill  concerned  with  positional 
calculation  frrjm  a  line-segment  graph  (element  (1/1  (A)),  rather 
than  that  involving  a  single  or  isolated  point.      Apart  from  this 
modification  to  the  postulated  interrelationship,  the  same  sub- 
.  divisional  restrictions  of  positional  number  and  sign,  previously 
J  determined  for  area  Ir  were  applied  to  both  interpolation  and 
extrapolation  skills.      A:i  additional  restriction  to  positive  linear 
slope  was  also  imposed  for  area  2  on  the  basis       the  f^mier 
subdivisional  analysis,  and  it  was  decided  to  adopt  a  uniform  level 
of  interpolation  and  extrapolation  distance,  although  this  was  a 
matter  of  subjective  choice  rather  empirical  necessity. 

Frc^  the  relative  difficulty  levels  of  elements  3/1  and  3/2, 
which  were  tested  for  subdivisional  analysis  on  the  same  sample  of 
students,  it  was  decided  to  reverse  the  initially  postulated 
relationship.      Although  the  two  basic  skills  were  considered  to  be 
logically  related,  it  was  evident  from  the  results  outlined  in  Chapter 
IV  that,  despite  the  misinterpretation  of  instructions  associated 
v;ith  element  3/2,  the  postulated  sequence  was  most  unlikely  to  be 
substantiated  by  empirical  validation.      Thus  the  calculation  of 
maximum  and  minimum  values  was  redefined  as  a  subordinate  skill  to 
the  general  recognition  of  particular  turning  points.  The 
mterrtjlationship  between  positional  cal^latiuii  and  thcit  concerned 
with  maximum/minimum  values  was  also  redefined  (see  Table  5/6)  ,  and 

rho  same  limitations  on  number  and  sign  were  applied  to  both  of  the 

1 

relevant  ( interrelated)  skills. 
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In  accordance  with  imposed  restrictions  on  positional 
Cell  epilation,  the  valuos  for  determining  difference  and  displacement 
(area  4)  were  also  confined  to  a  limited  range  of  positive  integral 
numbers  (1-10) ,  and  the  results  for  each  appropriate  question  and 
example  were  similarly  contrived  to  avoid  complex  calculation? 
involving  different  subdivisional  skills.      The  separate 
subdivisional  skills  for  calculating  Horizontal  and  Vertical 
displacement  were  independently  taught  and  tested,  since  both  were 
later  required  for  the  determination  of  gradient  (area  5) .  The 
interrelationship  between  positional  and  displacement  skills  (areas 
I  and  4  respectively)  remained  unchanged  by  basic  definition  (see 
Tables  5/4  and  5/7) ,  but  the  reorganisation  of  area  1  necessitated 
certain  changes  in  numerical  classification. 

Restrictions  on  numerical  range  and  sign  for  the  calculation  of 
quotient  and  gradient  (area  5)  were  anal-ogous  to  those  imposed  in 
areas  1  and  4,  with  respect  to  both  co-ordinate  variables  and  result. 
One  structural  change  was  made,  however,  to  the  postulated 
interrelationship  between  areas  1  and  5,  since  element  5/2 (B),  which 
involves  the  construction  of  a  tangent  to  a  curve  at  a  speciTieU  point 
of  contr'ict,  wc>s  considered  more  appropriately  related  to  the  newly 
defined  construc-tional  skill  1/1  (B),  v;hich  involves  positional 
location  on  a  line-segment  graph,  than  to  the  formerly  related  skill 
concerned  with  isolated  points. 

A  '.imilar  change  was  made  to  the  postulated  relationship  between 
oJomont  6/J,  which  involves  the  calculation  of  area  between  specified 
points  on  a  lino-seqment  graph,  and  the  subordinate  skill  of  co-ordinate 
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location  (area  1) ,  with  element  1/1  (B)  replacing  the  formerly 
related  skill  concerned  with  isolated  points*      A  number  of  other 
changes  were  also  made  to  area  6,  including  the  use  of  a  more 
appropria.te  format  (two  dimensional  grid)  for  the  classification  of 
divided  rectangular  segments  (element  6/3 (A) ) ,  and  the  definition 
of  an  additional  basic  skill  (designated  6/3 (B)  in  Table  5/9) 
concerned  with  calculating  the  area  oF  rectangular  blocks  from 
Horizontal  and  Vertical  scales  on  a  two-dimensional  grid.  ,  ^ 

Restrictions  on  number  and  sign  for  skills  involving  the  calculation 
of  graphical  area  generally  followed  those  outlined  above  for  other 
basic  skills  /  although  in  this  case  the  numerical  range  was  extended 
beyond  the  former  limit  of  10.      Where  larger  numbers  were  involved, 
however,  analogous  questions  were  used  at  lower  levels  to  test  for 
similar  subdivisional  skills.      The  ability  to  count  was  also 
considered  a  prerequisite  for  certain  skills  in  area  6,  but  was  assumed 
to  be  commonly  mastered  at.  the  prospective  testing  level,  and  therefore 
too  elementary  for  effective  hierarchical  discrimination. 

With  the  various  structural  modifications  and  practical  testing 
restrictions  outlined  above,  the  postulated  learning  hierarchy  was 
considored  to  be  in  a  suitable  form  for  trial  valuation.  A 
comprehensive  instructional  programme  was  therefore  prepared, 
incorporating  duplicate  questions  at  appropriate  intervals  to  test 
each  bar>ic  skill.      The  reasons  for  this  triai  validation  experiment 
were  to  evaluate  Uat  applicability  and  effectiveness  of  the  teaching 
materials,   to  eliminate  inctructional  errors  from  the  various 
examfiles  and  testing  questions,  to  detect  any  gross  inconsistencies 


in  the  postulated  learning  hierarchy,  and  to  deteinnine  both  the  amount 
df  time  required  and  the  xnost  appropriate  application  level  for  the 
final  validation  programme.      The  preparation  and  administration  of 

the  validation  trial  are  outlined  below  in  section  3,  while  the 

'  '  '  .  ^ 

results  and  implications  are  subsequently  discussed  in  section  4. 

3..    Preparation- and  Administration  of  the  Validation  Trial 

The  organisa+'ion  of  instructional  and  testing  materials  for 
the  validation  trial  was  basically  the  same  as  that  proposed  by 
White  (1971  /pp31-33)  for  the  validation  of  learning  hierarchies. 
This  involved  teaching  and  immediately  testing  each  skill  in  turn, 
progressing  along  linear  hierarchical  sequences  and  beginning  at  the 
lowest  level  in  each,  with  special  provision  for  retesting  at 
.appropriate  branching  points.      There  was,  however,  one  important 
difference  from  the  model  proposed  by  White,  in  that  this  research 
involved  no  regular  retesting  pattern  for  skills  in  each  linecir 
sequence.      The  regular  retesting  procedure  was  adopted  by  White  {1971} 
as  a  check  on  whether  postulated  subordinate  skills  were  learned  in 
the  process  of  attempting  subsequent  higher-order  elements,  but  it 
was  considered  in  this  case  that  the  occurrence  of  such  behaviour 
should  invalidate  the  postulated  relationship  of  hiercirchical 
dependence,  and  that  any  subjects  included  in  this  category  should 

be  classified  as  'legitimate'  exceptions  to  the  postulated  sequence, 

{' 

V 

rather  than  omitted  from  the  validation  test  (see  White  1971/p32). 
The  instructions  and  examples  provided  for  each  of  the  basic 


and  subdivisional  skills  were  explained  as  clearly  and  as  simply 

as  possible,  with  all  specific  graphical  terms,  such  as  'horizontal*, 


common  terms  and  illustrated  on  first  occurrence.      An  indication 
of  the  level  of  understemding  among  Victorian  high  school  students 
of  certain  relevant  scientific  terms  was  provided  in  the  results 
of  an  extensive  local  study  by  Gardner  <1972) ,  and  the  assumptions 
of  expected  common  vocabulary  were  generally  based  on  these  results 

Symbolic  notation  (e.^g,  X(A)  ~  Horizontal  position  of  point  A)  was 

f 

extensively  used  throughout  the  trial  programme,  but  was  also 
explained  and  illustrated  on  f irst 'occurrence. 

The  trial  validation  programme  was  divided  into  three  sections 


of  approximately  equal  length,  each  intended  to  be  comfortably 
completed  in  a  single  testing  period  of  40-50  minutes.      Each  section 
was  concerned  with  different  areas  of  graphical  interpretation, 
although  certain  of  the  skills  included  in  section  1  were  also 
postulated  prerequisites  for  sections  2  and  3,  so  that  the  sections 
were  administered  in  proper  numerical  order.      An  outline  of  the 
prcsontat ion.  sequence  of  basic  and  subdivisional  skills  within  each 
.s(iction  of  tho  programme  is  shown  in  Table  5/1, 

Administration  of  the  trial  validation  programme  involved  a 
single  class  of  students  at  each  of  three  consecutive  levels  from 
grade  6   (primary)  to  form  2  (secondary) ,      For  the  primary  class 
(grade  6)  the  programme  was  presented  in  three  ctllernate  40-minute 
periods  with  one  section  covered  in  each,  while  for  both  of  the 


•vertical' , 


'axis',  and   'tangent',  explicitly  defined  in  more 


secondary  formic  it  was  presented,  as  a  matter  of  administrative 
convenience,  in  consecutive  testing  periods.      The  completion  time 
for  each  class  and  programme  is  shown  in  Table  5/2 • 
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TABLE  5/1 (A) 

The  Sequence  of  Basic  and  Subdivisional  Skills  in  the  Trial 

Validation  Programme 

Section  1 


Page 

Element  Number 
or  Basic  Skill 

Subdivisional  Conditions 

1 

1/3 

Position  H/I/+ 

2  .» 

V/I/+ 

3 

1/2 

Required  Co-ordinate  H/I/+ 

4 

V/I/+ 

5 

1/1  (A) 

Required  Co-ordinate  H/I/+ 

6 

2/1  (A) 

Required  Co-ordinate  H/I/+ 

7 

2/1 (B) 

Required  Co-ordinate  H/I/+ 

8 

3/2 

Maximum  Value  V/I/+ 

9 

Minimum  Value  V/I/+ 

10 

3/1 

Mtximxim  Turning  Point 
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TABLE  5/1 (B) 

The  Sequence  of  Basic  and  Subdivisional  Skills  in  the  Trial 


t 

Section  2 

Page 

Element 

Number 

Subdivisional  Conditions 

or  Basic 

Skill 

1 

1/3 
4/3 

Keucsu    vfi/  X/  •    cinu  v/  x/  t/  ^ 
MnmKov'c  anH    R^Qnlt*  T/+ 

2 

4/2 

Position  and  Displacement  H/I/+ 

3 

V/I/+ 

4 

4/1 

Co-ordinates  and  Displacement  H/I/+ 

5 

V/I/+ 

6 

5/4 (A) 
5/3  (A) 

Numbers  and  Quotient  I/+ 
Gradient  cind  Displacement  I/+ 

7 

4/1 

Re test  (H/I/+  and  V/I/+) 

8 

5/2 (A) 

Co-ordinates,  Displacement  and 
Gradient  I/+ 

9 

5/3  (B) 

Tangent  slope  positive 

10 

'     5/2 (B) 

Contact*'' position  H/I/+,  Tangent 
slope  positive 

11 

5/1 

As  for  5/2  (B)  with  Gradient  I/+ 
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TABLE  5/1 (C) 

The  Sequence  of  Basic  and  Subdivisional  Skills  in  the  Trial 
Validation  Programme 

Section  3 


Page 

Element  Number 

Subdivisional  Conditidns 

or  Basic  Skill 

1 

6/5 (B) 

Numbers  and  Result  I/+ 

6/4  (B) 

Dimensions  I/+ 

2 

6/3  (B) 

Scale  Units  I/+  , 

3 

6/3  (A) 

Straight  line 

5  , 

Curve 

6. 

6/2' 

Straight  line,  end-points  I/+ 

7 

Curve,  end-points  I/+ 

8 

1/1  (B) 

Required  co-ordinate  K/^tyV  -y^,^"^ 

9 

6/1 

Straight  line,  end-points  H/I/+ 

10 

Curve,  end-points  H/I/+ 

•NOTES 

(1) 

The  abbreviations  used 

above  for  subdivisional  conditions 

are  the 

same  as  those  defined  in 

Chapter  4«       (see  preliminary  notes 

for  Tables  4/1-4/18).  » 

(2)  Except  for  retest  segments,  the  presentation  of  each  specified 
skill  involved  a  short  explanatory  or  instructional  sequence,  generally 
containing  a  fully  worked  example,  followed  by  two  appropriate  testing 
questions- 

(3)  Section  1  contained  a  total  of  24  questions  (excluding  those 
in  worked  examples),  and  sections  2  and  3  contained  respectively  29 
and. 20  questions-         *  . 
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TABLE  5/2 

Completion  Times  for  the  Trial  Validation  Programme 


Seption 


Completion  Time  (in  minutes^ 




Grade  6 

Form  1 

Form  2 

1 

40 

30 

30 

2 

4 

25 

35 

"25 

3 

25 

'  25 

20 

TOTAL 

90 

90 

75' 

NOTES 


(1)  Section  1  contained  a  total  bf  10  pages,  and  sections  2 
and  3  contained  respectively  12  and  10.  , 

(2)  The  sections  were  presented  to.  each  class  in  proper 
numerical  ^rder ,  but  in  alternate  periods  for  grade  6,  and  consecutively 
to  forms  1  and  2.  ^      ^  . 

(3)  Results  for  grade  6.  were-^taken  at  Oakleigh  State  (Primary) 
School,  and  those  for  forms  1  and  2  at  Oakleigh  Hjgh  School,  ' 


7 
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4.    Results  and  Implications  of  the  Validation  Trial 

« 

With  respect  to  the*  general  applicability  of  the  teaching  and 
testing  materials,  theirewereno  reported  difficulties  with  any' 
specific  words  or  explanations  of  symbolic  notation,  but  the 
instructions  for  element  3/1  were^  apparently  poorly  understood  at 
all  three  testing  levels,  anq  these  were  therefore  modified  for  the 
final  validation  programme •      A  further  basic  skill  (designated  3/2 (B) 
in  Table  5/6)  concerned  with  the  location  of  turning  points y  was^ 
subsequently  included  as  a  postulated  prerequisite  for  element  3/1, 

"  .     ^  '  I 

since  the  concept  of  turning  points  had  not  been  previously  covered, 
*"       *  "  • 

and  the  omission  of  this  explcuiation  might  In  part  have  been 
responsible  for  the  misinterpretation  of  instr.uctions  mentioned  above , 

The  amount  of  information  provided  for  te^&htng  -the  various 
basic  and  subdivisional  skills  was  in  most  cases  evidently  adequate, 
given  thatssome  students  must  fail  each  skill  for  effective 
hierarchical  discrimination,  and  in  fact  it  may  be  seen  from  the  list 
of  difficulty  levels  (Table  5/3)  that  most  skills  were  below  0,5, 
even  for  the  primary  (^rade  6)  class.      in  contrast  with  this,  however, 
Clements  5/2 (A),  5/1,  6/2  and  6/1  all  proved  exceptionally  difficult, 
althoucyh  no  problems  v.»ere  reported  v;ith  reading  or  understanding  of 
the  relevant  instructions,  and  so  additional  examples  or  explanatory 
notes  wore  provided  for  these  skills  in  the  fin-1^' validation 
programme.  -  y) 

Other  structural  changes  to  the  trial  validation  programme 

\  \ 

included  the  addition  of  retesting  segments  at  yarious  branching 

s  •  / 

points  in  the  postulated  learning  hierarchy,  and  the  translocation 
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TABLE  5/3 

Difficulty  Levels,,  for  Basic  Intellectual  Skills  in  the  Trial 

Validation  Programme 


Element 
NumlDer* 


DIFFICULTY  LEVEL. 


1/3 
1/2 

i/1 (A) 
1/1  (B) 
2/1  (A) 
2/1  (B) 

3/2  ' 

3/1  . 

''/^  ..S 
4/2  /  • 

4/1/ 
5/4 (A) 
5/3 -(A) 
5/2  (A) 
5/3  (B) 
5/2 (B) 
5/1 

t/5 (B) 

6/4  (B) 
^  6/3- (B) 

O.       6/3  (A) 

6/2 

6/1 


7 


Grade  6 


Form  1 


Fonfi  2 


0.06 
0.48 
0.81 
0.16 
0.61 
0.81 
0.30 
0.52  , 
0.03 
0.23 
0.58 
^  0.26 
,  0.58 

0.90 

0.13 

0.55 

1.00 

0.03 

0.19 

0.58 

0.39 

0.90 

0.87 


0.00 
0.47 
0.72 
0.09 
0.56 
0.69 
0.16 

^  0.53 
0.03 
0.12 

.  0.31 
0.12 
0.28 
0.87 
0.22 
0^47 
0.97 
0.00 
0.12 
0.34 
0.28 
0..72 
0.6i 


0.00 
0.21 
0.50  ' 
oio5 
0.42 
0.60 
0.18 
0.50 
0.03 
0.05 
0.26 
0.13 
0.29 
0.74' 
0.10 
0.26 
0.68 
0.03 
0.08 
0.21 
0.31 
'  0.50 
0.53 
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*(1)    •The:  f:](:u\f:u\.  Mumbcrs  listed  <ibove  refer  to  basic  intellectual 
skills  outlined  in  the  modified  and  final  testing  version  of  the 
postulated  leanving  hierarchy  (Tables  5/4-5/10)  • 

(2)  Where  several  subdivisional  skills  were  tested  for  a 
particular  element,  the  first  of  these  only  is  presented  in  the  table 
above*  -      .  '  \ 

(3)  The  difficulty  levels  listed  above  are  calcula,ted  as  the 
proportion  of  students  who  failed  at  least  one  of  the  two  ^estiohs 
used  to  test  each  skill.  \ 

(4)  Difficulty  levels  for  retest  segments  are  not  included  ^ 


m  the  table  above,  but  were  generally  lower  than  those  for  initial 
presentation,  suggesting  seme  degree  of  learning  during  practice  at 


more  complex  skills.      This, might  also  explain  the  exceptionally 


in  section  3. 

(5)     Results  for  grade  6  were  taken  at  Oakleigh  State  School, 
and  those  for  forms  1  and  2  at  Oakleigh  High  School. 


\ 


low  difficulty  level  for  element  1/1  (B)  ,  wh-ich  was  presented  only 


\ 


of  ...lomonL  1/1  (H)   (previously  placed  i-n  soctiol  3)  to  procede 
lOlemont  1/1  (A)  in  section  1,  since ''it  was  decided  to  test  for  a 
•   possible  hierarcMcal  relationship  between  these  two  basic  skills.  , 
There  were  no  serious  i^nstructional  or  computational  errors 
discovered  in  the  testing  questions,  although  in  o^he  case  the  answer_ 
to  a  question  involving,  the  calculation  of  gradieht  was  u.e  same  " 
:as  that  for  a  previous  example,  and  this  increased  the  level  of 
apparent  guessing  error.      Coincidental  result/of  this  type  were 
theroforo  avoided  in  Subsequent  modifications/  as  were  complex 
calculations  with  a  numerical  result  of  one,  since  this  appeared  to 
bo  the  most  popular  Juoss  for  students  lacking  the  relevant 

jCapabilitios.  / 

i  ■ 

^1      '  From  an  analyses  of  difficulty  levels  associated  with  each  of 

[  / 

,the  basic  and  subdivisional  skills  (Table  k/3)  ,  and  a  review  of 
bomparative  resultL  f orjupposedly  related/  elements,  there  appeared 
to  be  no  gross  inconsistencies  in  the  postulated  learning  hierarchy, 
kus  apart  from  the  various  additions  and  modifications  mentioned 
above,  no  major  stjructural  changes  were /made  to  the  sequence  of 
postulated  skills  In  preparing  the  final  validation  programme.^  An 
outline  of  the  modified  and  final  testing  version  of  the  postulated 
Iparninq  hierarchy  i\  presented  in  Tables 5/4-5/10.      The  major 
vaiidntion  proqrammo  cLsigned  to  test  this  learning  hierarchy  is 
included  in  Volume  in  \^Progamme  I). 

^     It  was  determined  ftom  the  list  'of  dxffic-ulty  levels  for  each 
clement  in  the  trial  prog\amme  .(Table  5/3)  that  form  1  would  be  the 
mos^  appropriate  academic  !^evel  for  .administration  of  the  final 
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validation  programme.      The  total  proportion  of  skills  within  the 
ideal  difficulty  range  of  0,2  to  0,8,  which  should  produce  the  most 
effective  discrimination,  showed  little  difference  across  any  of 
the  trial  testing  levels,  but  it'  seemed  from  an  analysis  of  more 
specific  trends  that  ehe  form  1  level  would  probably  produce  the  most 
acceptable  overall  range  of  specific  item  difficulty,  without  the 
general problems  of  concentration  or  reading  ability  more  evident 
in  lower  grades,  or  of  interference  at  higher  levels  from  previous 
curricular  experience  in  related  subject  areas, 

^h^S^ticipated  amount  of  time  required  to  complete  each  section 
of  the  major  yalidation  programme  was  derived  from<:the  trial  form  1 
completion  times  outlined  in  Tab^e  5/2.      It  was  considered,  on  the 
basis  of  these  results,  that  an  allowance  of  2-3  minutes/page 
should  be  adequate  for  almost  every  student  at  this  level,  although 
it  was  intended,  if  possible,  to  maintain  sufficient  administrative 
fJexibility  to  avoid  the  imposition  of  any  absolute  limits  on 
completion  time. 

Having  detorminGd  the  necessary  modi fications  to  both  the 
postulated  learning  hierarchy  and  the  trial  validation  programme, 
and  having  established  the  most  approprldcs  application  level  and 
niiticipated  completion  time-for  the  modified  learning  programme,  more 
spncifu:  preparations  could  then  be  made  for  the  major  validation 
experiment.      The  preparation  and  administration  of  the  final 
validation  proqr.u      ,  together  with  results  and  appropriate  conclusions, 
are  presented  in  Chapter  VI. 
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TABLKS  !S/4  -  5/10 

Basic  Skills  of  Graphical  Interpretation 
Postulated  Learning  Hierarchy 

(Modified  and  Final  Testing  Version) 

INTERPRETATIVE  AREA 

1.  Position  (Co-ordinate  location) 

2.  Position  (Interpolation  and  Extrapolation) 

3.  Position  (Turning  Points)  * 
41  Displacement 

5.  Gradient  (Slope) 

6.  Area 


CLASSIFICATION  CODE 

The  first  number  for  each  element  represents  the  appropriate 
interpretative  area,  and  the  second  number  indicates  the  hierarchical 
level  within  that  area,  rated  dovmward  from  the  relevant  terminal 
skill.      Where  letters  are  also  used,  these  indicate  secondary 
sequences,  within  the  same  interpretative  area. 
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Position  (A) 

1/1 (A)    Calculate  the  Horizontal 

or  Vortical  position  of  a  ^ 
given  point,  specified  by 
one  co-ordinate,  on  a  two- 
dimensional  line-segment 
graph. 


1/1  (B)    Mark  the  position  of  a 
point,  specified  by  one 
co-ordinate  (Horizontal 
or  Vertical)  on  a  two- 
dimensional  line-segment 
graph. 


1/2    Calculate  the  Horizontal  or 
Vertical  position  of  a  given 
point  on  a  two-dimensional 
grid .  '^ 


1/3    Calculate  the  position  of  a 

given  point  on  a  single  Horizontal 

0 

or  Vertical  number  line. 
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TABLE  5/5 


Position  (B) 

2/1 (A)    Calculate  the  Horizontal 
or  Vertical  position  of 
a  point,  specified  by  one 
co-ordinate ,  interpolated 
between  a  given  row  of 
points  on  a  two-dimensional 
grid. 


2/1 (B)    Calculate  the  Horizontal 
or  Vertical  position  of 
a  point',  specified  by  one 
»         co-ordinate,  extrapolated 
beyond  a  given  line 
segment  (or  row  of  points) 
on  a  two-dimensional  gjrid. 


Position  (C) 


TABLE  5/6 


3/1    Identify  from  a  mixed 
sample  of  convex  and 
concav;o  curves,'  those  with 
a  Maximum  or  Minimum 
Turning  Point . 


3/2  (A)    Calculate  the  Mciximum 
or  Minimum  value  of  a 
carve  drawn  on  a  two- 
-dimensional grid 

.    .  T 

1/1  (A) 


3/2 (B)     Identify  and  mark  the 
Turning  Point  on  a 
given  curve. 
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Displacement 


4/1 


Calculate  the  Horizontal  or  Vertical 
displacement  between  two  given  points 
on  a  two-dimensional  grid  or  line- 


segment  graph. 


I 

1/2 


4/2    Calculate  the  displacment  between 
two  given  points  on  a  single 

« 

Horizontal  or  Vertical  number  line, 

T 

.  1/3 


4/3    Calculate  the  difference  between 

two  given  numbers.       (Both  numbers 
and  result  restricttfd  to  posi  tive 
integers) . 
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TABLE  5/8 


Gradient 

5/1    Calculate  the  gradient  of  a 

curve  on  a  two-dimensional  gr^id 
at  a  fixed  point  of  contact 
specified  by  one  (Horizontal  or 
Vertical )  co-ordinate . 


5/2 (A)     Calculate  the  gradient 

of  a  straight  line 

segment  drawn  on  a 

two-dimensional  grid? 
^  /V 

4/1 


5/3 (A)     Calculate  the  gradient  of 
a  straight  line  segment, 
given  both  the  Horizontal 
and  Vertical  displacement 
•  values. 


5/2  (B)    Draw  the  Tangent  to  a 

curve  on  a  two-dimens'ional 
grid  at  a  fixed  point  of 
contact  specified  by  one 
(Horizontal  or  Vertical)* 
co-ordinate. 

1/1  (B) 

5/3  (B)     Draw  the  Tangent  to  a 
curve  at  a  given  point 
of  contact. 


5/4  (A)     Calcul.ito  tho  quotient  of 
tv/o  ^1  i  von  nurnl-Xi r s  •       ( Both 
numbers  <jnfl  rc^iult  , 
restricted  to  positive 
integers) . 


172 


161 


TABLE  5/9 


Area 


6/1    Calculate  the  approximate  area  (by  the 
method  of  counting  squares)  enclosed 
between  two  points  of  a  given  line 
segment,  each  specified  by  one  co-ordinate, 
and  the  Horizontal  axis  of  a  two-dimensional 
grid* 


1/1 (B) 


6/2    Calculate  the  approximate  area  (by  the 
method  of  counting  squares)  enclosed 
between  two  marked  points  on  a  given  li^te 
segment  and  the  Horizontal  sixis  of  a 
two-dimensional  grid. 


6/3 (A)     Classify  the  blocks  to  be 

counted  in  order  to  calculate 
the  area  of  a  specified 
section  on  a  two-dimensional 
linG-<i;cf/mont  graph,  where 
.somo  of  the  blocks  are  cut 
by  tho  qiven  line. 


6/3  (B) 


6/4  (B) 


Calculate  the  area  of  a  ^ 
single  block  on  a  two- 
dimensional  grid  fran  the 
Horizontal  and  Vertical  scale 
calibration. 


f 


Calculate  the  area  of  a 
rectangular  block,  given 
the  values  for  length  and 
height • 


6/5 (B)     Calculate  the  product  of 

two  nvimbers,     (Both  numbers 
and  result  restricted  to 
positive  integers) . 


( 
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TABLE  5/10 


./ 


,Q  5/2 (A)        @  2/l(A)        Q  !3/2(A)  @2/l(B) 


O  5/2(B) 


1/ 1(A)  ^—^1 /KB)        ..Q  5/3(B)- 
^';^6/l 


1/3  Q  6/3(A)        Q  6/3(B) 


Outline  of  the  Postulated  Learning  HlQ/j^rchy 
(Modified  and  Final -Testing  Version) 


Q  6/4(B) 


NOTIC 


Shaded  circles  represent  Terminal  Skills 


Q  6/5(B) 
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CHAPTER  VI 


FINAL  VALIDATION  OF  THE  POSTULATED 
LEARNING  HIERARCHY 

(PROGRAMME  I/VICTORIA)* 

i 


\ 
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1.    Preparation  and  Adreinistration  of  the  Final  Validation  Programme 

..  y 


The  organisational ^structure  ofvthe  final  validation  programme 


hi 


as  the  same  as  that  outlined  for  the  trial  in  Chapter  V,  with  each 
•of'the  basic  and  subdivisional  skills  presented  in  turn  by  means  of 
instiMictional  ^6tes,  examples,  and  immediate  testing  questions. 
The  programme  was  again  divided  into  three* sections  analogous  to 
those  in  the  validation  trial,  with  each  section  involving  different 
-    :5fcas  of  graphical  interpretation,    \  This  programme  was 'longer  than  ^ 
that  for  the  validation*"  trial ,  since  it  was  based  on  the  modified 

r 

version  of  the  pbstul'ated  learning  hierarchy  (Tables  5/4-5/10)  , 
which  incorporated  certain  additional  skills  and  more  canplex 
ii>€firrelationships  between  intjerpretative  areas,  necessitat-ing 
additional  retesting  questions  at  the  various  branching  points.  ^  An 
outline  of  these  modifications,  together  with  appropriate  changes 
to  instructional  notes,  examples  and  testing  questions,  has  already 
been  presented  in  Chapter  V.      Tl\e  presentation  sequence  of  skills 
\    for  each  section  of  the  final  validation  programme  is  shown  in  Table 
\   6/1  ,  and  a  copy  of  the  programme  itself  i's  included  in  Volume  JII 
^   (Prrxjrr^anmo  1).      An  outline  of  the  relevant  subdivisional  skil^ls 
included  m  the  final  validation  programme,  ^listing  appropriate 
l|uostion  <jroups  for  subsequent^  analysis ,  is  presented  in  Table  6/2. 

Administration  of  the  final  validation  pr:ogrammo  involved  a 
total  of  192-  form  1  students  from  eleven  random.Iy  selected 
mc'trofjo)  1 »  an  co-odu^:ational  high  schools  in  Meltourne.      This  sample 
cont-nnc<]  .ipproximatcly  equal  numbers  of  male  and  female  students, 
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ranging' in  ago  from  II  to  14  years  (taken  to  the  nearest  year)  with 

"  / 
a  moan  of  Th<;  number  of  student*^  involved  from  each  '  / 


participating  <ichool  is  shown  in  Table  6/3*      For  most  of  these 
schools  only  half  a  class  of  students  wa,s  involved,  with  the  rest 
of  the  class  engaged  in  one  of  the  pa^rallel  validation  programmes 
(see  Volume  III,  Programmes  II  aijd^II)  prepared  to  examine  the 
effects  of  certain  situationaly»variables  on  hierarchical  learning. 
These  alternative  validation  programmes  are  discussed  in  Chapters 
VII  and  VIII.      The  reasons  for  using  two  prcJgrammes  with  each  cla^s 
of  students  were  to  reduce  the  extent  of  copying  tfrom  neighbouring 
students  in  the  class/  since  this  is  probably  the  most  serious  risk 
involved  in  the  validation  of  learning  hierarchies,  and  to  spread 
the  required  testing  sample  for  each  of  the  validation  programmes  ^ 
over  a  wider  range  of  schools.      Non6  of  the  classes  in  participating 
schools^ere  streamed  at  the  form  1  level,  so  that  each  of  the 
student  testing  groups  could  be  assumed  to  represent  a  reasonable 


\ 


m 


inui(»s  v/oro  given  for  relief  aV regular  30~minuto  intervals. 


Conf.t'cut  J ve  presentation  of  the  three  prbg'^'amme  sections  also  meant 
that  a  considerable  waiting  time  was  involved  between  tThe  €ir§t  and 
the  last  students  to  finish  within  each  class.      Thus  in  order  to 
minimise  the  inevitable  interference  with  those  still  working  on 
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/ 


pectrum  of  academic  ability. 

The  three  instructional  and  testing  sections  of  the  final 
valj<l»4tif>n  programme  were  presented  consecutively  and  in  proper  numerical  ' 
order,  to  each  participating  class.      Since  the  total  time  involved  ^ 

was  'ionc»rally  more  than  100  minutes,  short  breaks  of  about  five 

\ 


the  proqramine^  students  who  finished  were  either  promptly  removed 
from  the  classroom  or  givpn*  seme  alternative  form  of  individual 
activity*      A  list  of  both  the  shortest  and  longest  cocnpletion  tunes 
for  each  class  is  presented  in  Table  6/3  • 

In  order  to  determine  more  accurately  the  rate  at  which  students 
progressed  through  various  stages  of  the  validation  programme,  a 
single  class  was  used  to  provide  information  on  the  nvunber  of  pages 
completed  at  specified  five  or  ten  ipinute  intervals.  •  This 
infoxmaLion  was  intended  to  determine  whether  common  fluctuations* in 
working  rate  might  Qccur  at  parti'tjular  times  or  in  certain  ^.segments 
of  the  programme/  dt  more  particularly  to  reveal  the  existence  of 
any  familiarisation  lag  at  the  beginning  of  the  programme,  or 
gradual  decline  in  rate  toward  the  end .      The  result^  of  this  analysis 
shown  in  figure  6.1,  indicate  a  generally  constant  working  rate,  and 
^e  consistent  with  the  obr:ervatJ.ons  reported  by  White  (1971/pp  114- 
116),  based  on  a  different  informational  technique,  jfor  a  similar 
type  of  validation  programme. 
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TABLE  6/1 (A) 


Sequenc4  of  Basic  and  Subdivisional  ^JciUs 
Final  Validation  Progrr^rnme 

Section  1 


Page        Kloment  Number        Relevant  Subdiv:|.sional  Conditions 


(Basic  Skiill) 


1 
2 
3 


8 

]0, 

13 
16 


1/3 

1/2 

1/1 (B) 

1/1 (A) 

:  2/1 (A) 
2/1 (B) 

1/2 

3/2 (A) 

3/2-(B) 
3/1 


Position  H/I/+  • 
V/I/+ 

Required  Co-ordinate  H/I/+ 

V/I/+  , 

Giveji;Co-ordinates  V/I/+  and  H/I/+ 
also  Straight  line/curve 

Required  Co-ordinates  H/I/+  and  V/I/+ 
also  Straight  line/curve  o  ^ 

Required  Co-ordinate  H/I/+ 

Required  Co-ordinate  H/I/+  f^om  Line 
~or  row  of  points 

Co-c-dinates  H/I/+  and  V/I/+  (Retest) 

Maximum  Value  V/I/+ 

Minimum  Value  V/I/+ 

Maxixnjum/Minimum  Turning  Points 

Maximum  Turning  Point. 
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.TABLE  e/KB) 


Sequence  of  Basic  and  SubdiviVional  Skills  in  the 
Final  Validation  PrVgramme 


Section  2 


J 


Page 

Element  Number 
(Basic  Skill) 

Relevant  Sub^ivisional  Conditions 

;     \  ^  

1 

'  1/3 

Position  H/I/+\and  V/I/+  (Retest) 

4/3 

Numbers  and  ..di^^lt  I/+ 

2 
3 

4/2 

Position  and  Displacement  H/I/+  ^ 

\                      V/i/  + 

4 

1/2 

\ 

CQ-ordinates  H/l/^  ana  y/x/r  ^Keuest; 

5 

4/1 

Co-ordinates  and  Displacement  H/I/+ 

V/l/'r 

7 

5/4  (A ) 

Numbers  and-  Quotient  I/+ 

5/3 {A) 

Gradient  and  Displacement  I/+ 

9 

\ 

\ 

4/1 

Co-ordmates  and  Displacement  H/I/+ 
and  y/I/+  (Retest) 

10 

5/2 (A) 

Co-ordinates,  Displacement  and 
Gradient  all  I/+  1 

12 

5/3  (B)  - 

Tangent  Slope  Negatiye  Curves 
Convex  and  Concave^ 

13 

1/1 (B) 

Co-ordinates  H/I/+,  Curve  (Retest) 

5/2(B) 

•Contact  point  H/I/+,  |i*angent 
Slope  Negative  and, Positive 

r') 

5/2 (A) 

Retest  (conditions  as  before) 

5/1 

Contact  point  H/I/+-,  Gradient  \/-^ , 
Convex  and  Concave  .Curves 

ERIC 
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TABLE  6/1 (C) 

Soquoncc  of  Basic  and  Subdivisional  Skills  in  the 
Final  Validation  Progrcimme 

Section  3  o 


Page  Element  Number      Relevant  Subdivisional  Conditions 

(Basic  Skill) 


1  6/5  (B)  Numbers  and  Result  I/+  "  ' 

Range    <10  and  >10 

6/4 (B)  Dimensions  and  Result  I/+ 

2  -  (B)  Scale  Units  I/+  (<10) 

4  6/3 (A)  Straight  line  segment  and  Curve, 

End-points  I/+ 

6/3  (B)  Scale  Units  I/+  (Retest) 

6/3 (C)  Range  >10 

6/2  Straight  line  segment  and  Curve, 
^        End-points  I/+ 

10  r         1/1  (B)  Co-ordinates  H/i/+  with  .Straight  line 

segment  and  Curve  (Retest) 

12      •  6/1  Straight  line  segment  and  Curve, 

End-points  I/+,  Scale  Units  I/+ 
(<10) 


N0T1_'> 

^1.     The  abbreviations  used  above  for  subdivisional  conditions  are  the 

same  as  those  defined  in  Chapter  IV  (see  preliminary  notes  for 
Tables  4/1-4/18) .             ^  ,  / 

2.     Hxcept  for  retest  segments,  the  presentation  of  each  specified 
skill  involved  a  short  explanatory  or  instructional'  sequence , 
qencrally  containing  a  fully  worked  example,  followed  by  two 
appropriate  testing  questions-  '  ' 

I 


i 


NOTES     (Table  0/1) 
/ 

3.     Section  1  containe'd  ^  total  of  42  questions  (excluding  those 
in  worked  examples)  and. sections  2  and  3  contained  respectively 
38  and  32  questions. 
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'I'ABLE  6/2 


VUq  Clar>sif ic^i^ion  of  Subdivi^ional  Skills  Included  in  the 


7 
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Final  Validation  Programme 


Element 
Number 

\ 

Question 
GroupN^N^ 

Relevant  Subdivisional  Conditions 

1/3 

1 

Positioh  H/I/+ 

2 

V/I/-f 

1/2 

1 

Required  co-ordinate  H/I/+ 

2 

V/T/+ 

1/1(B) 

1 

Straight  line,  Given  co-ordinate  H/I/+ 

2 

'V/I/+  ■ 

3 

Curve,  Given  co-ordinate  H/I/+ 

4 

V/I/+ 

1/1 (A) 

1 

Straight  line,  Required  co-ordinate  H/I/+ 

2 

V/I/+ 

3 

Curve,  Required  co-ordinate  H/I/+ " 

4 

V/I/+ 

2/1 (A) 

i 

Required  co-ordinate  H/I/+ 

2/1 (B) 

1 

Straight  line.  Required  co-ordinate  H/I/-f 

2 

Row  of  Points,  Co-ordinate  H/I/. 

3/2(A) 

1 

Maximum  Value  V/I/+ 

2 

Minimum  Value  V/I/+ 

V2. 

1 

Displacement  H/I/+  . 

2 

V/I/+ 

4/1 

I 

Displacement  H/I/+ 

^2 

V/I/+ 

Numerical ^Variables  <10 

6/5 (B) 

1 

2 

-6/3  (A) 

1 

Straight  line  segment 

2 

Curve 

6/2 

1 

Straight  line  segment 

2 

Curve 

6/1  ^ 

1 

Straight  line  segment 

2 

Curve 
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 ;KS    (Table  6/2) 

The  table  above  outlines  the  variable  conditions  for  each  of  the 
bas.c  skills  in  which  different  subdivisional  groups  were  used 
for  the  final  validation  programme-      Other  conditions  or 
restrictions  not  listed  above  are  assumed  to  be  constant  for 
each  of  the  relevant'  subdivisional  skills. 

Elements  not  listed  above  were  restricted  to  a  single  pair  of 
questions  representing  only  one  of  the  subdivisional  classification 
groups  outlined  in  Chapter  IV.      The  relevant  conditions  are 
also  discussed  for  eac^  of  these  basic  skills  in  Chapter  V  (sections 


2  and  4)  . 

The  classification  symbols  used  above  are  the  same  as  those  defined 
in  Chapter  IV  (see  preliminary  notes  for  Tables  4/1--4/18)  •* 
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TABLE. 6/3 

Sample  Numbers  and  Completion 'Times  for  the  Final  Validation 
,  Programme 
«  • 

Number  of         Shortest  Longest 
HIGH  SCHOOL  Students    in      Completion  Cc^npletion 


Sample 

Time  (mins.) 

Time  (mins.) 

« 

Blackburn 

21 

57 

116 

Brighton 

14  ' 

52 

120 

Caulfield- 

18 

48 

105 

Dandenong 

17 

63 

110 

Essendon 

14 

60 

94 

Franks ton 

15 

65  • 

122 

Heidelberg 

14 

58 

145 

Kcw 

12 

37 

116 

Lakeside 

16 

67 

107 

Monash 

19 

52 

93 

Norwood 

32 

40 

92 

Mean  Completion  Time 

54,4 

110-9 

Standard  Deviation  • 

9.8 

15.6 

ERIC 
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Progression  Rate  for  Programme  I 
(Norwood ^High  School) 


50r 


40 
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O 


-o- 

I 


4  0  6C  80 

TIME   (IN  MINUTES)  ■ 


-O 


100 


NOTl').'- 


1.      Circlor,  indicate  thb  mean  numboi.  qf  pager,  completed  at  specified 


times . 


2.  Vertical  lines  represent  the  appropriat'e  Standard  Deviation. 

3.  Number  of  students  involved  =32. 
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2.    Results  and  Implications  cf  the  Final  Validatjbn  Programme 

The  analysis  of  postulated  hierarchical  relationships  followed 
in  general  the  method  proposed  by  White  (1971) ,  although  some, 
important  m^odif  ications  were  made  to  the  statistical  validation 
technique  (see  also  White  and  Clark  1973),      fbe  nu.li  hypothesis 
used  by  V/hite  was  that  no  exceptions,  other  than  those  arising  through 
errors  of  measurement,  should  occur    to  any  postulated  hierarchical 
-sequenve.      It  was-conside--ed  in  this  case,  however,  that  such  a 
rigid  hypothesis  was  probably  unre^ilistic ,  since  it  ignores  the  ^  * 


possibility  of  exceptions  arising  through  the  use  of  unidentified 
prerequisite  skills  or  alternative  learning  pathways.  The 
calculation  of  displacement,  for  exWple,  is  postulated  in  the 
present  hierarchy^to  be  dependent  on  the  skills  of  subtraction  and 
individual  point  location,  but  might  also  be  achieved  by  counting 
the  number  of  marked  divisions  from  one  point  to  the  other.  This 
method,  which  bypasses  the  postulated  prerequisite  skills,  is 
relatively  inefficient,     and  therefore*  rarely  used,  but  its  very 
existence  would  probably  invalicfate  the  postulated  sequence  of  skills 
undor  the  conditions  of  absolute  dependence  imposed  by  white  (1971), 
Loss  obvious  alternative  procedures  might  also  be  used  for  calculating 
linear  displacement,  and  it  sedms  unlikely  that  every  conceivable 
prerequisite  skill  could  be  accommodated  in  a  limited  research  design. 
In  accordance  with  this  argument,        was  decir^ed  that  some  degf'ee 

A** 

of  f iG/ibi] ity  shoulc"  be  incorporated  in  the  statistxcal  validatton 

technique.      Thus  in  order  to  accqunt  for  a  range  of  possible 

.  -  ^  .  «  ■' 

exceptions  (other  than  those  ar^.sing  through  errors  of  measureiifent) 


ERIC 


1.87 


to  any  particular  hierarchical  sequence,  the  null  hypothesis  was 
proposed  and  tested  at  three  different  levels  of  stringency.      The  ^  ^ 
most  critical  case,  which  was  the  same  as  that  used  earlier  by  White 
(1971),  involved  an  absolute  assumption  of  no  exceptions,  while  the 
two  **weaker"  null  hypotheses  both  allowed  some  small  proportion  of 
unqualified  exceptions.      The  latter  conditions  arc  probably 
consistent  with  Gagne's  (1968,1970)  more  recent  orientation  toward 
substantial,  rather  than  absolute  hierarchical  dependence  with  respect 
to  specified  sequences  of  related  intellectual  skills. 

An  additional  modification  to  Whitfe*s   (1971)  design  was  that  the 
specified  proportion  of  exceptions  for  both  of  the  weaker  null 
hypotheses  was  tied,  for  each  comparative  te^t,  to  the  number  of 
Students  who  succeeded  at  the  higher  skill.      This  adaptation  was  made 
to  cover  the  "xtreme  situations  where  very  few  students  succeeded  at 
the  higher  skill,  since  it  w6uld  be  pointless  in  such  cases  to  expect 
the  same  fixed  proportion  of  the  tdtal  sample  to  achieve  the  higher 
akill  without  having  the  postulated  prereauisite,  that  is,  to  expect 
the  r.ame  overall  proportion  of  exceptions  to  the  postulated  J^ier^.rchic 
relationship.      The  alternative  hypotheses  proposed  by  White  (1971) 
involveci^a  specified  proportion  of  oxcot  ,ions  based  only  on  the  total 
sample,  and  was  therefore  considered  to  be  inadequatic  for  the  typo  of 

futuation  outlined  above.      The  alternative  hypothesis  proposed  for 

^  > 

Ihi:  c.jlculation  of  power  in  this  res^.arch  was  similar  in  form  to  the 

>l 

wocikfir  null  hypothe.ser. ,  but  involved  a  considerably  hi'^her  proportion 
(0.10)  of  anticipatcKl  exceptions.      A  miorc  detailed  statement  6"\thc 
null  and  aitornative  hypotheses  represented  in  the  preliminary  notes 
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for  Tables  .6/4-6/2S. 

The  overall  level  of  significance     (or  probr -.ility  of  false  ' 
rejection)  for  analysis  of  the  61  postulated  hierarchical  connections 
involved  in  the  final  validation  was  selected  as  (j.05,  so  that  the 
individual  probability  of  a  Type  1  errOr  for  any^  single  step  was 
determined  by  the  expression  «  =  X  -  ^/(  1-0- 05)  =1,-  ^Vo,95  =  0,00087  " 
(or  approximately  0,001)  •      The  power  was  determined. for  each  of  the 
null  hypotheses  against  the  same  alternative,  and  was  used  as  an ,  ^ 
indication  of  confidence  in  each  specific  conclusion,  ,    The  decisi-on 
on  acceptance  or  rejection  of  each  postulated  connection  was  based  on 
the  calculation  of  a  critical  number  of  exceptions  permitted  under 
the  appropriate  null  hypotjhesis,      Th6  empirical  validatiN:^  results 
for  the  61  connections  of  the  postulated  learning  hierarchy  (final 
testing  version)  are  presented  in  Tables  6/4  -6/25,      Test/re|:est  ^ 
correlation  results  fpr  certain  basic  skills  are  also  included  in  this 

analysis,  *  !     *       "  " 

The  analysis  of  relevant  subdivisional  skills  included  in  the 
validation  programme  was  similar  to  that  described  in  ^Chapter  IV. 
The  overall  leVel  of  significance  for  this  analysis  was  also  choseu  ^ 


a 


s  0.05,  so  that  the  individual  probability  of  a  type  I  error  in  any. 


2Q 

of  thfi  20  comparative  tests  was  given  by  the  expression  «  =  1  -  /o.95 
•=  0,0020.      The  results  of  this  analysis  arc  presented  in  Tables 
O/26-G/30,  and  the  classification  of  relevant  subdivisional  conditions 
and  a[;propriato  que^stion  groups  has  already  been  outlined  in  Table  6/2., 
A  rt'viov;  of  the  validation  and  subdivisional  analysis  results  for 


.  •   /  iis 

/ 

'  Proqraiwno  T  .suqqcsts  that  the  modified  version  of  the  postulated 
learning  hierarchy  was  generally  wp]i  substantiated,  in  spite  of 
a.fow  'jnomalous  and  occasionally  contradictory  results.      A  moire- 
detailed  explanation  o£  these  results  is  presented  below  in  relation*, 
to  appropriate  areas  of  graphical  interpretation,  ^  . 

With  respect  to  positional  skills  (areas  1-3) ,  the  empirical 
validation  results  were  often  inconsis^tent ,  alt^iouqh  the  general 

pattern  'of  hierarchical  relationships "is  relatively  clear.  The 

,  '  ^  t  ' 

ppstulated  relationship  between  elements  l/2^and  1/1(A),  which  was 

derived  from  a  close  inspection  of  the  relevant  operational  instructions 

.foi?'\?ach  oX"  thes^e  basic  skills,  was  that  the  '''Horizontal"  and 

"Vertical"  sabjlivisional  ^groups  of  element  1/1  (A)  were  individually- 

<•  ^  ,  ^  <■  > 

dependent  on  botn  =inaldgous  groups  from  element  1/2,    ^  This  relationship 

V/     -  ^ 

-was  tested  in  four  supposedlyjparallel  si-tuatioit§.  under  different 
suMi visional  conditions,  and  was  accepted  as  valid  at  the  absolut;^ 
leveJ  in  one  of  these,  and  ct  a -weaker  level  i  n '^two.  others ,  but  was 
rejected  in  the  f.ourth  case  at  all  three  null  hypothesis  levels  (see 
Figure  6.2).      As  a  tentative  general  C(^nclusion  the  postulalied 
relationship  would  probably  be  accepted,  but  the  incons is ten^cy^n .  these 
rcsultr  would  sugqes t.3^m($~^^ervat?5ons  in  this  judgment.  ^ 


/ 

In  contrast  with  the  incompetencies  above,  the  postulated 
hierarclilcal  connections  betv;een  ^elements  1/2  a;id  1/1(B)  ,  and  between^'. 
1/1  (B)  and  1/J  (A)  ,  f^ach  tested  in  four  x:)arallel  subdivisional  groups, 
woro  both  unoqui  vocal  J  y  resolved,  but  with  op[)c>siLo  conclusions. 
Figment  1/2  w,j5,  r(jjf»cjtort  at  all  three  Ilo  lovols  as  a  proroquisito  for 
th*'-  cjonst  rur  t  Jona  J  rikiJl   1/1  (B)  ,  althouqh  the  lat.tor  wal^  accepted 
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at  the  ^absolute  level  as  a  subordinate  skill  to  element  1/1  (A).  The 

r 

ft 

[iOstulatod  parallel  connections  between  analogous  subdivisional  groups 
for.  elements  1/2  and  1/3  were  also  both  accepted,  but  at  a  weaker 
level.      The  independency  of  specified  subdivisional  groups  within 
oa<ih  of  these  basic  skills  is  substantiated  by  the  relevant 
analytical  results  outlined  in  TabI$s-^/26,and  6/E:^,  Jand  these  results 
in  turn  establish  the  independence  between  parallel  hierarchical 
relationships  involving  different  subdivisional  skills. 

'  .    •  I  .  \ 

\       The  postulated  interrelationships  between  element  2/1  (B)  and  both 

u 

o£  the  t>?rminal,  skills  for  area  1  were  accepted  at  different, Ho  levels 
for  each  subdivision  of  the  higher  skill,  although  analogous  connections 
for  elementj  2/1  (A)  were  rejected  even  at  the  weakest  Ho  level  (Figure 

6.3)^;  jLn., a^l  oi  these  tes^s,  howevef,,  the  power  was  exceptionally 

low,  'and  reflected  gro§s  incc5nsistencies  in  response  foi  apparently 
similar  questions.*     The  same  inconsistent  trends  in  response  verp  * 

apparent  in  area  3  (see  Figure  6.4^,  where  element  1/2  was  .ejected, 

I         •  \ 

and  l/l(At  accepted,  as  a  prerequisite  skill  for  bpth  subdivisional 

•    '     '      .  ■ 
groups  of  [element  3/2  (A).       It. is  alr>o  interesting  to  note  that  element 

1/2  was  pcoviously  rejected  as  a  prerequisite  for  1/1  (A)  under  the 

same  subdijvisional  conditions,  although  parallel  connections  were 

i 

accepted  for  different  subdivisional  groups.      The  otfier  hierarchical 
connectior^s  involved  in  area  3  were  all(  accepted  at  the  absolute  Ho 
level,  altjhough  again  the  power  v/as  exceptiohally  l|Ow.  • 

The  difforenco  between  interpolation  -and  extrapolation  skills 


(arod  2) , 


and  betweeen^  the  two  subdivisional  gi^Oups^  of  element  2/l^B) 

/    •  '     '        '  / 
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(extrapolation),  is' shown  by  the  results  in  Table  6/28,      In  contrast 

with  tJip;,  howov(jrv  the  postulated  .subdivisional  groups  for  elements 

3/2 (A),  1/2 ^and  i/3  appear  ^.n  each  respective  case  to  represent  the'' 

same  ability,  although  for  element  1/3  (Retest)  the  difficulty  level 

is  obviously  too  low  for  reliable  ^discrimination, 

Test/retest  cj)rrelation  results  for  elements  1/2  and  1/1  (A)  (see 

Table  6/\1)  suggest  that  many  students  were  able  to  learn  these  two 

/  !  '  ^  ^  ' 

subordinate  skills  in  the  process  of  attempting .more,  complex  capabilities 

Although  it  was  argued  in  dhapter  V  tha;'c  these  students  should  be 

classified  ar,  ^'legitimate"  exceptions  to  the  postulated  hierarchical 

seijufence,  che  repetition  of  similar  instructional  procedures 'in  * 

progtpssively  complex,  examples  nfay  effectively  involve  reteaching  the 

Simpler  or  subordinate  skills,  and  thus  invalidate  this  assumption. 

It  would  seem,  therefore,  that  in  cases  where  a  numbei:  of  similar  skills 

/ 

are  involved,  ^  the  regular  retesting  nnethod  adopted  foy  White  ^971) 
m^y  be  trsential  for  effective  hierarchical  discrimpation. 

Although  all  of  the  postulated  hierarchical  connections  involved 
in  areas  4-6  were. accepted  at  the  absolute  null  hypothesis  level  (see 
Figures  6/5-6,7)',  the  power  was  oftep  extremely  low,  reflecting  again,, 
at  loast  to  some  ex.tent,  the  inconsistency  in  response  for  supposedly  \ 
similar  questions.      This  was.  not  a  /esult  of  testing  .fatigue,  since 
it  was  evident  in  all  three  sections  of  the  Valioation^programrnt;,  nor 
was  it  caiised-throuqh  any  obvijous  systematic  errors,  or  lack  of  > 
undor^.tanding  wi  th^  irospoct  to  either  questions  or  instructions, 
Moroovcr  sinco  ifio  qu(^*aions  used  for>oach  af  the  basic  skills  wore 
ro[>n">onLciU-v^.<>r  ;the  same  established  subdivisional  group,,  it  seems  ^ 
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unlikely  that  Uiest2  were  too  loosely  defined  to  expect  a  more 

consistent  response.      Thus  it  seems  that  the  observed  inconsistency 

may  simply  be  a  feature  of  the  age  or  academic  testing  level,  which  . 

was  considerably  lower  than  that  for/the  earlier  validation  study 

by  White  (1971)  ,  and  may  therefore  be  particularly  difficult  to 

overcome.      Some  improvement  could  possibly  be  achieved  by  the  use 

i 

of  additional  testing  questions  for  each  of  the  basic  skills,  although 
this  would  substantially  increase  the  length  of  the  validation 
programme,  and  hence  also  the  administrative  inconvenience. 

An  ciltornative  reason  to  explain  in  part  the  exceptional  lack  of 
power,  particularly  for  more  complex  capabilities,  is* that  "the 

o 

proportion  of  exceptions  (Jfn  relation  to  the  total  sample)  permitted 
under  the  alternative  hypothesis  was  defined  as  a  fuhction  of  the 
difficulty  level  for  the  .su^erordinate  skill.      Thus  if  the  number  of 
students  possessing  the  higher  skill  is  very  small,  then  the  conditions 
of  the  nu 1 1 ^and  alternative  hypotheses  are  similar,  and  the  power  is 
accordingly  low.    fit  snteuld  be  emphasised,  perhaps,  that  this 
explanation  does  not  proyide  a  total  substitute  for  the  effects  of 
incon.s istoncy  outlined/above. 

Another  probJom  of  statistical  [)Owor,  ^ilso  influenced  to  some 
irxtont  by  the  qenerai  response  inconb i stoncy ,  occui  rod  in*  a  numbt»r  of 
cases  whoio  very  few  students  lacked  th(>  relevant  subordinate  ski!^.* 
In  extreme  situations  of  this  type,  the  exppctcd  number  of  exceptions 
urid^T  t}^  absolute  null  hypothesis  was  higher  than  the  total  number  ol 
students  who  failed  the  subordinate  skill,  so  that  the  postulated 
hierarchical  connection  could,  not  possibly  be  rejected  (see  Tables 
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* 

6/4 (B),  6/15 (B),  6/16 (A)  and  6/21 (B)).      We  might  expect  in  such 
circumstances  that  the  power'^should  be  particularly  low,  but  since 
the  alternative  hypothesis  did  not  take  account  of  the  subordinate 
skill  difficulty  level,  the  power  for  these  tests  was  often 
unrealistically  high,      It;^seems,  therefore,  thah  an  additional 
modification  to  the  alternative  hypothesis  may  be  required  to  take 
account  of  possible  extremes  i*n  the  subordinate^  skill  difficulty  level* 

The  subdivisional  analysis  results  for  ol(^ment.s  6/1  and  6/2 
(Table  6/30)  suq^est  that  the  calculation  of  area  under  straight  line 
segments  and  curves  involves  respectively  diffcjront  subdivisional 
skills,  although  for  element  6/3  (A)   the  analogous  classification  groups 
are  represented  by  the  same  ability.      The  result  above  for  element  6/2 
is  in  conflict  with  that  reported  in  Chapter  V,  although  the  earlier 
analysis  was  based  only  on  recollection  from  past  curricular  experience, 
rather  than  immediate  recall  from  a  more  specific  instructional 
programme,  and  would  therefore  be  less  reliable. 

Apart  from  the  outright^rejection  of  a  few  of  the  postulated 

h  Lor.jrchical  connecLion.s  in  areas  1-3,  and  occasional  inc(>nsis tencies 

fjbsc^rvod  ff)r  parallel]  sijibdivis ional  relationships  in  the  same 

»  / 

interpretative  ar('a:>,   the  postulated  J  earning  hierarchy   (final  t(>stfnq 
version)  was  accepted  as  valid  with>n  the  specified  range  of  null 
hypothesis  levels »      Most  of  the  connections   (including  ail  in  areas  ' 
4-6}  were  accepted  at  the  absolute' Ho  levels  and  others  under  somewhat 
loss  stringent,  but  nevertheless  re'cilistic  conditions.  Certain 
rr\scrvatj ons  must  be  made,  however,   for  the  common  inconsistencies  in 
<}UGsf  lon^^  ro^7^onse  a-nd  the  consequent  loss  of  power,  althoucjh  tht^ 
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complicating  effect  of  element  difficulty  on  this  index  has  already 
been  explained. 

Althpugh  the  validation  ^study  outlined  above  was  concerned  with 
general  intellectual  skills  of  graphical  interpr^ation,  the  extrapolation 
of  results  is  limited  by  the  previously  imposed  res-triction  to  a  ' 
-jingle  abstract  informational  model  with  variables  X  and  Y.      It  was 
considered  important^  therefore,  to  determine  whether  the  same 
specific  pattern  of  hierarchical  relationships,  or  of  vertical  ot 
Sequential  transfer,  would  operate  in  a  somewhat  different  informational 
situation.      Thus  an  analogous  study  was  conducted*  with  a  parallel 
validation  programme,  which  involved  ttie  same  intellectual  skills 
applied  to  a  more  concrete  or  potentially  meaningful  informational 
model.      The  preparation  and  administration  of  this  programme,  together 
with  resulti>  and  implications  of  the  subsequent  validation  study,  are 
presented  in  Chapter  VII, 
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TABLES  6/4-6/25 
Validation  Results  for  the  Postulated  Learning  Hierarchy 
(Final  Testing  Version) 

s 

PRELIMINARY  NOTES 

1-    '^he  following  tables  present  the  results  for  each  of  the  postulated 
hierarchical  connections  between  basic  and  subdivisipnal  skills 
incorporated  in  the  final  validation  ^rogranune.      These  results  are 
presented  in  correlation  matrix  form,  listing  .the  number  of  \ 
questions  correct  for  each  element,  and  the » appropriate  marginal 
totals. . 

"2,     Where  elements  are  presented  under  several  different  subdivisional 
conditions  (see  Table  6/2),  the  particular  classification  for  these 
conditions  is  ^iven  after  the  element  or  basic  skill  code.  The 
classification  and  definition  for' each  element  is  outlihed  in 
Tables  5/4-5/10  (Chapter  V) ,  and  the  abbreviations  used  for  the 
varioufc*,  subdivisional  conditions  are  listed  below. 


SUBDIVISIONAL  CLASSIFICATION  CODE 

i.  Axis  Orientation'  ' 

H    Horizontal  ,  r — ^     '  ' 

V    Vertical        ^  .  ,  » 

ii.  Nature  of  graphical  information 

S    Straight  lino  segment  • 
C    Curve  ^ 
P    Row  of  points 

Other  relevant  conditions  are  outlined  in  Tabic  6/2. 
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3.  The  null  h^^pothesis  is  defined  at  each  of  the  following  levels, 

(a)  Ho  (0.00)  -  The  proportion  of  those  students  possessing 
the  higher  skill  who  do  not  have  the  postulated 
prerequisite  =  0.00^ 

(b)  Ho  (0.01)  -  The  proportion  of  those  students  possessing 
the  higher  skill  who  do  not  have  the  postulated 

V 

prerequisite  =  0.01  (or  less).  ,  • 

(c)  Ilo  (0,02)  -  The  proportion  of  those  students  possessing 
the  higher  skill  who  do  not  have  the  postulated 
prerequisite  =  0.'02   (or  less) 

The  alternative""  hypothesis   (Ha)  stipulates  that  the  proportion 
of  those  students  possessing  the  higher  skill  who  do  not  have  the 
postulated  prerequisite  =  0.10  (or  less), 

4.  The  critical  number  of  exceptions   (C)  permitted  in  the  0/2  cell 
of  the  relevant  correlation  table  is  listed  for  each  level  of 
the  null  hypothesis,  together  with  the  power  calculated  for  each 
of  these  Ho  levels  against  the  same  alternative  hypothesis 
(defined  above),  • 

5.  Kiomont  6/3 (C)    (not  previously  defined  in  Chapter  V)  involves  the 

<>• 

'   skill  of  counting  squares  on  a  two-dimensional  grid. 


(A) 


TABLE  6/4 

ELEMENT  1/2-H 


0 

1 

2 

T 

2 

51 

10 

119 

180 

Ho 

c 

Power 

ELEMENT 
1/3-H  , 

1 

1 

0 

2 

3 

0.00 

2 

0.9997 

0 

2 

3 

4 

9 

0.01 

6 

0,9675 

T 

54 

'  13" 

12^5 

T92 

0.02 

— 9^ 

^^77989^ 

186 


CONCLUSION  ""The  postulated  connection  is  accepted  as  valid  at  \ 
the  second  (0.01)  Ho  level. 


ERIC 


(B) 


ELEMENT 

I ' 

1/3 -V 


ELEMEIJT  1/2-v 


0 

I 

2 

T 

'  49 

8 

126 

183 

3 

.  0 
• 

'  0 

3 

3 

1 

2 

6 

55 

9 

128 

192 

Ho 

c 

Power 

0.00 

1 

'1.0000 

0.01 

6 

0.9736 

0.02 

9 

0.8249 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  second  (0.01)  Ho  levels  although  the  power  at  this  level  is 
unrealistically  high. 


(C) 


ELEMENT 

1/2-v 


ELEMENT  i/i(B)-v/s 


0 

1 

2 

T 

34 

12 

82 

128 

Ho 

c 

Power 

7'^ 

1 

1 

9 

0.00 

5 

0.9330- 

32 

H 

15 

55 

0.01 

7 

0.02G3 

73^ 

21 

98 

192 

.  '  0.02 

9 

0.0030 

CONCLUSION  The  postulated  connection  is  renocted  as  invalid  at 
>ili  three  specified  Ho  levels. 
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(A) 


ELEMENT 

1/1(B)-V/S 


TABLE" 6/5 

ELEMENT  .  i/1(A)-h/s 


0 

1 

2 

T 

15 

5 

78 

98 

Ho 

c 

Power 

6 

15 

0 

21 

0.00 

7 

0.7187- 

67- 

6 

,  0 

73 

il--OJL_ 

-0..-4550- 

88 

26 

78 

192  s 

0:02 

10 

0.3307- 

'CONCLUSION     The  postulated  connection  is  accepted  as  valid  at 
the  , absolute  Ho  level,  although  the  power  ^s  relatively  low. 


(B) 


ELEMENT 

1/2-v 


ELEMENT  i/i(A)-H/s 


0 

X 

2 

T 

2 

37 

18 

73 

128 

Ho  ■ 

c 

Power 

1 

8 

1 

0 

9 

'0.00 

•  5 

0.8541 

0 

43  . 

7 

5 

55 

0.01 

7 

0.6149 

T 

•08 

26 

'78 

192' 

0.  02 

9 

0.3416 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  relatively  low. 


(C) 

ELEMENT 

1/2-H 


ELEMENT  i/1{a)-h/s 


0 

1 

2 

T 

32 

19 

74 

125 

13 

(o 

0 

13 

43 

7 

4 

54 

88 

26 

78 

192 

Ho 

c 

Power 

0.00 

5 

0;8594 

O.Ol 

7 

0.6242 

0.  02 

9 

0.3510 

CONCLUSION  '^^^  postulated  connection  js  accepted  as  \^^id^  at 
the  absolute  Ho  level,  although  the  power  is  relatively  low. 
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(A)- 

,  ELEMENT 


ELEMENT  1/1{b)-h/s 


1/2-II 

— ^-  0 


0 

1 

2 

T 

21 

15 

89 

125 

Un 

nO 

rOWcK 

9 

1 

3 

1^ 

0,00 

8 

0.8570 

—29' 

"TO" 

54 

•  0.01 

~T0^ 

0.6656 

59 

26 

107 

192 

0,02 

12 

0.4306 

CONCLUSION  '^^^  postulated  connection  is  rejected  as'  invalid  at 
all  three  specified  Ho  levels. 


(B) 


ELEMENT  l/l{A)-v/s 
0      1      2  '  T 


2 

15 

4 

88 

107 

Ho. 

c 

Power 

ELEMENT  ^ 

12 

1 

26 

0.00 

7 

0.8152 

1/1(B)-H/S 

0 

54 

5 

0 

59 

0.01 

9 

0.^867 

•.    ,  T 

82 

21 

89 

192 

0.02 

11  . 

0.3387 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho^lovol,  although  the  pov;er  is  relatively  low. 


(C) 


ELEMENT 

1/2-11 


ELEMENT  l/i{A)-v/.s 


0 

1 

2 

T 

31 

15 

79 

125 

Ho 

L 

Power 

.  11 

1 

1 

13 

0.00 

5 

0.9187 

40 

9 

54 

0,01 

7 

0.7420 

H2 

21 

89 

192 

0,02 

9 

0.4850 

CONCLUSION     '^'h<'  postulated  conn(H;tion  is  accopLed  .j.s  v.ilid  .it. 
thi'  third    (0.02)"  Ho  Jevol,  althouqh  the  power  at  t:hi6  idvoJ  1-: 
I>«ir  I  i  <  u lar  I  y  low.  % 


£00 


TABLE  6/7 


•189 


(A) 

ELEMENT  l/l(A)-v,s  . 
0      1       2      T                    ,  . 

V 

2 

CI  CMC  KIT 

cLtntNl  ^ 
1/2-V 

0 
T 

35 

14 

79 

128  Hp 

c 

Power 

5 

3 

1 

9                       0. 00 

5 

0,^145 

42 

4 

9 

.55  .0.01 

J 

0,7327 

82 

21 

89 

192  0.02 

9 

0,4733 

CONCLUSION  f>dstulated  connection  is  accepted  as  valid  at 

^^   the  third.  (0.02)  IIo  level,  although  the  power  at  this  leveU  is 
particularly  low,      1  ^  " 


(B) 


\ 


ELEMENT 

1/2-v 


\ 


ELEMENT,  1/1  (B)-V/c 


0 

1 

2 

T 

.22:; 

"-iT* 

T28 

2 

3 

4 

9 

25 

6 

55  . 

^9 

24 

119 

192  , 

'  Hp 

c 

Power 

o.ob 

8 

0,9247 

0.  ai 

10 

0,7907 

0.02" 

12 

0.5857 

CONCLUSION  The  postulated  connection  i^s  reject^ed  as  invalid  at 
all  three  sf^jcifiod  Uo  level::. 


(C) 


ELEMENT. 

1/1(B)-V/C 


\ 

ELEMENT  1/1(a)-h/c 


0 

1 

2 

T 

26 

3 

90 

]19 

Ho 

c 

Power 

9 

15 

0 

24 

0.00 

7 

0,7992 

44 

5 

0 

49  , 

0,01 

8 

0,6888 

79 

23 

90 

192 

0,  02 

10 

0.4346 

T 

.CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  <ib.soJut(;  llo  J(.vol,  although  tho  power  is  relatively  low. 


ERIC 
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'N.(A) 


r 


TABLE  6/8 

ELEMENT 


ELEMENT 
1/2-v 


1 

2 

T 

's 

2 

32 

14 

82 

tl28 

Ho 

Power 

1 

7 

2 

9 

o.oa 

5^ 

0;9245 

0 

40 

7 

8 

55 

0.01 

7 

0.7552 

T 

79 

23 

90 

192 

6. -02 

9 

0-5022 

CONCLUSION      The  postulated  connection  is  accepted  as  valid  at 
the  third  (0.02)  Ho  level,  although  the  power  at  this  level  is 
particularly  low. 


(B) 


ELEMENT 

1/2-II 


ELEMENT  l/l{A)-H/c 


0 

1 

2 

T 

30 

13 

82 

125 

11 

•  .0 

13 

38 

8 

0  8 

54 

•79 

23 

90 

192 

■  Ho 

c 

Power 

0.00 

6 

0.8602 

0.01 

8 

0.6441 

6.02  ; 

9 

•0.5133 

CONCLUSION      The  postulated  connection  is  accepted  ^aS  valid  at* 
the  second  (0.01)  Ho  level,  although  the  power  at  this  level^s 
relativp.iy  low. 


(0 

ELEMENT 

J/2-11 


ELEMENT  1/1(B)-h/c 


0 

1 

2 

T 

2 

35 

4 

86 

125 

'Ho 

c 

Power 

1 

1-0 

-  1 

2 

13  ' 

0.00 

3. 

0.9056 

0 

33 

3 

18 

54 

0.01 

6 

.  ^238 

•T 

7!i 

« 

106 

192 

0.  02 

9 

0.6564 

*  CONCLUSION     '^^^  postulated  connection  is  rejected  as  invalid  at 
ail  throe  si)ecifiod  Ho  levels. 


202  . 


i9i 


TABLE  -679 


(A) .  •  ■  ; 

•ELEMENT 

1/14A)-V/C  \ 

• 

0 

1 

2 

T 

16 

3 

87 

106  . 

Hn 

no 

r 

Pnuic  D 
lOWtR 

ELEMENT 

1/1(B)-H/G 

.  0 

4 

4 

0 

0.00 

7 

017752 

60 

18 

0 

78 

0.01 

■8 

0.6584 

1  1 
*             *  « 

T 

80 

25 

87 

192 

0.02 

10 

0.5006 

CONCLUSION     Thfe  postulated  connection  is  accepted  as  valid  at 


the  absolute  Ha  level,  although  the  power  Is  relatively  low. 


(B) 


ELEMENT  l/l(A)-v/c 


1 

0 

1 

2 

T 

f 

—  ^  .  2 

Element 
,  1/2-H 

0 

36 

13 

76 

125 

Ho 

c 

Power 

.  11 

1 

1 

13 

0.00- 

6 

0.8432 

33. 

11 

10 

54 

0.01 

8 

0.6153 

T 

80 

25 

87 

192 

0.02- 

9 

0.482*4 

CONCLUSION  The  postulated  connection  is  rejected  as  invalid  at 
all  three  specified  Ho  levels.  • 


(0 


ELEM£lilT 
1/2-V 


■  ELEMENT  l/l(A)-v/c 


0 

3 

2 

T 

2 

38 

J& 

75 

128 

1 

7 

1 

1 

9 

0 

35 

9 

11 

55 

T 

HO 

20 

87 

192 

CONCLUSION  postulated  c 

.if^l  Wxii'i'.  ;j(i<:t;i f  M.-'l^ilo  levels: 


Ho 

c 

Power 

0.00 

c 

0.B372 

0.01 

R 

0.6053 

0.02 

0.4719 

invalid 

2fl3 


TABM-:  0/10 


(A) 


ELEMENT  2/i(A)-H/P 


CONCLUSTBM  '^he  postulated  connection  is  rejected  as  invalid  at 
alJL  three"  specif  ied^ Ho  levBls.  . 


0 

1 

2 

T  " 

^2 

15 

8 

55 

78        •  * 

1  1 

Ho 

c 

ELEr^ENT 

1/1(A)-H/S' 

0 

18 

1 

7 

26 

0.00 

;  9 

0.5177 

60 

14 

14 

^:  88 

'  0.01 

10" 

0.3895 

T 

93 

23  ■ 

76 

192 

0.02 

12 

0.1833. 

(B) 


ELEMENT  2/l(A)-n/p 


2 

r-     ■  -V-1 

\ 

32 

V  9' 

57 

98 

"Ho 

c 

Power 

ELEMENT  ^ 

13 

2 

6 

21 

0.00 

7 

0.6663 

l/l(B)-V/S 

0 

'148 

12 

13 

'  73  \ 

0.01 

.  8 

0.5302' 

T 

93 

■23 

'76 

192  • 

.  0.02 

10 

0.2758 

CONCLUSION  The  postulated  conn^ion  is  rejected  as  invalid  at 
all  three  specified  Ho  levels.     .  ■* 


(C) 


ELEMENT 

1/1  (A)-n/s 


ELEMENT-  2/1(b)-h/s 
0  .  '  1'     2  .  T 


2 

IB 

8 

52  \ 

."*78 

Ho 

c . 

Power 

1 

18 

2 

6 

•  -26  , 

0.00 

8 

0.5198 

0 

05 

12 

11 

88 

-0.01 

9 

0.3852 

T 

101 

22 

69 

192 

0.02 

11 

0*.1729 

CONCLUSION  postulated  connection  is  accepted  as  valid  at 

tfio  third  (0.02)  !lo  level,  although  the  power  at  this  level  is 
oxtromoly '  low.  •  . 


TABLE  6/11 


193 


(A) 


ELEMENT  2/i(B)->H/s 


0 

1 

2 

T 

- 

11 

53 

98 

Ho 

C 

Power 

ELEMENT  - 

1 

1/1(B)-V/S 

0 

13 

0 

8 

21 

0. 00 

6 

0.6900 

54  ^ 

11 

8 

73 

0.01 

8 

0.4055  ' 

T 

101 

22 

69 

192 

0..02 

9 

0.2788 

CONCLUSION^ 

The 

posti 

ilatec 

\ 

i  connectiorNis 

accepted  as  valid  at 

the  ^second  (0.01) 

Ho. level , 

although  the  power  at  this  level  is 

particularly 

low. 

\ 

\ 
S 

(B> ' 

ELEMENT 

(B)-H/P 

* 

0 

1 

2 

T 

•2 

22 

7 

49 

•  78 

Ho 

C 

Power 

ELEMENT  ^ 

1/1  (A)-H/S 

0 

19 

3 

4 

26 

0.00 

8 

0.4092 

64 

16 

88 

0. 01 

9 

0.2823 

T 

105 

26 

61 

192 

0.02 

10 

0.1811 

CONCLUSION  TheT^stulat^d  connection  is  accepted  as  valid  at 
the  absolute  Ho  level, \  although  the  power"  is  particularly  low. 


(C)  . 


element 

I/1(B.)-V/S 


ELEMENT  2/l(B)rH/P 


0  _ 

1 

2 

T 

39 

10 

49 

98 

Ho 

Power 

■i2 

5 

r 

4 

21 

^0.00 

6 

0.5899 

54 

11 

8 

73 

0.01 

8 

0.3017 

105 

26 

61 

192 

0.02 

9 

0.1918 

CONCLUSI'ON  postulated  connection  is  accepted  as  valid  at 

tho  second  (0-01)  JIo  level,  although  the  power  at  this  level  is 
f)art icular ly  low.  ^ 
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(A) 


ELEMENT 

1/2-V 


TABL&  6/12 

ELEMENT-  3/2(A)-Max. 


.  2 
1 
0 

T 


0 

1 

2 

T 

23 

22 

71 

116 

Ho 

^  c 

Power 

'9 

5 

3... 

17" 

•  0.00 

< 

'  10 

a.  6219 

31 

7 

21 

59 

0.01 

12  ' 

0.3839 

'  63 

34  ^ 

95 

192 

0.02 

13 

0.2787 

CONCLUSION'  The  postulated  connection  is  rejected  as  invalid  at 
all  throe,  specified  Ho  levels. 


(B) 


ELEMENT 

1/1(A)-V/C 


ELEMENT    3/2  (A) -Max. 


0 

1 

2 

T 

2 

24 

25 

76 

125 

Ho 

Power 

1 

12  ■ 

6 

6 

24  , 

0.00 

9 

0.6846 

0 

27 

3 

- 13 

43  ; 

0.01 

11 

0.4417 

T. 

63 

34 

9^  ■ 

.  192^/ 

0.02 

12 

0.3273 

CONCLUSION  The  postulated  connection  is  rejected  as  invalid  at 
all  three  specified  Ho  levels. 


(C) 


ELEMENT 
1/2-v 


ELEMENT  3/2(A)-Min. 


0 

'    1  ■ 

^  2 

T 

2 

20 

29 

67 

116. 

Ho 

c 

Power 

1 

7 

6 

4 

17 

0.00 

15 

0.2923  ' 

0 

24 

10, 

25 

59 

0.01 

16 

0.2079 

T 

51 

45 

96 

192 

0.02 

17 

0.1411 

CONCLUSION  '^^^  postulated  connection  is  rejected  as  invalid  at 
all  throe  specif ifyl  Ho  levels. 
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a95 


(A) 


ELEMEr^T 


TABLE  6/13 

ELEMENT  372(A)-Min. 


1/1 (A)-V/C 


0 

1 

2 

T 

19 

27 

79 

125 

Ho 

c 

Power 

11 

7 

6 

24 

0.00 

13 

0.3556 

21 

11 

11  - 

43 

0.01 

14 

0*.2570 

51 

45 

96 

192 

0.02 

15 

0.1765 

CONCLUSION  The  postulated  connection  is- accepted  as  valid  at 
the  absolute'  Hp ; level,  although  the  power  is  par^ticularly  low. 


(B) 


ELEMENT  3/1 


ELEMENT 

3/2 (B) 


0 

1 

2 

T 

58 

— \ 

62 

44 

164 

Ho 

C 

Power 

4 

2 

1 

7 

0.00. 

7  ■ 

0,1173 

17 

2 

2 

21 

0.  01 

8 

0.0574 

'79 

66 

47 

192 

0.02 

9 

0,0256 

CONCLUSION  The  .postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  extremely  low. 


KIC 


(C) 


ELEMENT 

3/2 (A) -Max. 


ELEMENT  3/1 


0 

1 

2 

T 

2 

22 

33 

40 

95 

Ho 

c 

Power 

1 

16 

15 

3 

34 

0.00 

15 

0.0218 

0 

41 

18 

4 

63 

0..0'1.' 

'i6 

0.0107 

79 

66 

47 

192 

0.  02 

16 

0.0107 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
tho  absolute  Ho  level,  although  the  power  is  extremely  low. 
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(A) 


ELEMENT  ^ 
3/2  (A) -Min . 

0 
T 


•|'ABL£  6/14 
ELEMENT  3/1 


0 

1 

2 

T 

24 

35 

* 

37 

96 

21 

16  . 

8 

45 

34 

15 

2 

.  51 

79 

66 

47 

192 

Ho 

c 

Power 

0.00 

14 

0.0233 

0.01 

15 

0.0113 

0.02 

15 

0.0113 

CONCLUSION  The  postulated  connection  is  accepted  .as  valid  at 
.the  absolute  Ho  level/  aljthough  the  power  is  extremely  low. 


(B) 


ELEMENT    1/2-V  (Retest) 


« 

0 

1  . 

2 

T 

2 

23 

7 

98 

128 

Ho 

Power 

ELEMENT 

1 

6 

2 

r 

9 

•  0.00 

5 

0.9854 

1/2-v 

0 

30' 

8 

17 

55 

0.  01 

8 

0.8711 

T 

59 

17 

116 

192 

0.02 

10 

0.6895 

CONCLUSION     This  skill  was  acquired  by  a  significant  proportion 
of  students  in  the  process  of  attempting  more  complex  capabilities. 


(C) 


element 

1/1(A)-V 


ELEMENT    1/1  (A) -V  (Retest) 


0 

1 

2 

T 

1 

5 

81 

87 

Ho  ^' 

c 

Power 

4 

5 

16 

25 

0.00 

.  14 

i 

/).7336 

38 

14 

28 

80 

0.01 

o  

16/ 

/ 

0.6408 

43 

24 

125 

192 

0.  02 

4 

i 

If 

0.3445 

/ 


CONCLUSION     This  skill  was  acquired  by  a  signi    ^^^^  proportion 
of  students  in  the  process  of  attempting  more  complex  capabilities. 
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TABLE  6/15 


(A) 


ELEMENT 
4/3 


ELEMENT  4/2-h 


0 

L 

2 

T 

32 

8 

145 

185 

Ho' 

C 

Power 

3 

0 

4 

0-.,00 

2 

1.0000 

3 

0 

0 

3 

01 

.  '7  - 

'0.9794 

38 

8 

146 

192 

0.02  ^ 

10 

0.8633 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level. 


(B) 


ELEMENT  4/2-v 


0 

1 

2 

T  „ 

2 

34  . 

,50 

101 

185 

Ho 

C 

Power 

ELEMENT 

1 

1 

2 

1 

4  . 

0.00 

4  ' 

0.87  54 

4/3 

"0 

3 

0 

0 

3 

0.01 

6 

0.6306 

T 

38 

52 

102 

•  192 

0.02 

8'- 

0.3413 

CONCLUSION"    The  postulated  connection  is  accepted  as*  valid  at 
the  absolute  Ho  level,  although  the  power  is  unrealistically  high 


■(C) 


ELEMENT 

1/3-11 


ELEMENT  4/2-H 


0 

1 

2 

T 

2 

36 

7 

146 

L89 

Ho 

C 

Power 

1 

0 

0 

0 

0 

0.00 

1 

1.0000 

0 

2 

1 

0 

3 

0.01 

7 

0.9792 

T 

38 

8 

146 

192 

0.02 

10 

0.8624 

CONCLUSION  'i'he  postulated  connection  is  accepted*  as  valid  at 
the;  absolute  llo  lev^?]  .  r 
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198 


(A) 


ELEMENT 

"l/3-v 


TABLE  6/16 
"element  4/2-v 


0 

1 

2 

T 

2 

34 

51 

101 

■  186 

Ho 

c 

.Power 

'1- 

1. 

0 

■  1 

2 

0.00 

4 

0.8864 

0 

3 

1 

0 

4 

p,.oi 

6" 

016523 

T 

38 

52 

102 

l92 

0.02 

8 

0.3638 

CONCLUSION  The  postulated  connection  is' accepted  as  valid  at  » 
the  absolute  Ho  level although  the  power  is  unrealistically  high. 


■(B) 


ELEMENT  4/1-h 


ELEMENT 
4/2-II 


0 

1 

2 

T  . 

\ 

24 

21 

101 

146 

Ho 

c 

Power 

2 

'1 

5 

8 

0.00 

5 

0,9700  " 

37 

.  0. 

1 

38 

0.01\ 

8 

0.7917 

63 

22 

107 

192 

^  0.02 

10 

0.5657 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ilo  level. 


(0 


ELEMENT 

4/2-v 


ELEMENT  Vl-v 


0 

1 

2 

T.. 

16 

14 

72 

102 

Ho 

c 

Power 

9 

2 

41 

52 

0.00 

14 

0.6242 

35 

2 

1 

38 

,    ^  0.01 

15 

0.5201 

GO 

1-14 

192 

0.  02 

17 

0.3202 

Tho 

I)ostulatod  connection 

is  iiccopted  .as  valid  at 

tho  ab.soluLo  Mo  level,  although  the  power  is  particuleurly  low. 
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TABLE  6/17  ^ 


(A). 


ELEMENT 

1/2-H 


ELEMENT  4/l-H 
0      1       2  T 


20 

14 

99 

133 

6 

4 

8 

18 

37  . 

4 

0 

41 

63 

22 

107 

192 

Ho 

c 

Power 

0.00 

6 

0.9467. 

0.01 

8 

0.8218 

0.02 

10 

0.6097 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  •absolute  Ho  level. 


(B) 


ELEMENT 

1/2-V 


.ELEMENT  '  4/1-v 


.  0-^- 

1 

2 

T 

* 

19 

8 

98 

125 

'  Ho 

c 

Power 

7 

1 

13 

21 

0.00 

6 

0.9687 

34 

9 

3 

46 

-  0.01 

9' 

0.8040. 

60 

18 

114 

192  . 

■0.02 

"11 

0.5946 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level. 


(C) 


ELEMENT    5/3  (a) 


0 

1 

2 

T 

ELEMENT 
5/4  (A) 

2 

41 

6 

108 

155       ^  , 

Ho 

c 

Power 

1 

8 

1 

0 

9 

0.00 

3 

0.9962 

0 

24 

2 

2 

28 

0.01 

6 

0.9315 

T 

73 

9 

110 

192 

0.02 

8 

0.7854 

CONCLUSION 

The 

postulated 

connection 

is  accGpted 

as 

valid  at 

the  absolute  Ho  level. 
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■c 

-TABLE  6/18 

6  ' 

200 

(A) 

ELEMENT 

5/2 (A) 

• 

0 

1 

2 

T 

2 

"63 

35 

110 

Ho 

c 

Power 

ELEMENT  ^ 
5/3  (A) 

• ;  0 

9 

0 

0 

9 

0.00 

3 

0,5802 

64 

6 

3 

73 

0.01 

5 

0,2226 

T 

136 

18 

38 

192 

0.02 

6 

0,1147 

Conclusion 

The  postulated 

connection  is 

accepted  as  valid  at 

•         •            the  absolute 

Ho  level. 

although  the  power 

is  particularly  low. 

(B).  ■ 

ELEMENT 

5/2  (A) 

- 

0 

1 

2 

T 

2 

58 

10 

36 

104 

Ho 

c . 

Power 

r^\,^  element 

9 

1 

1 

11^ 

0.00 

3 

0,5895 

,69 

7 

1 

77 

0.01 

5 

0,2303 

'         .     .  T 

136~" 

192 

0*02 

6' 

0,1199 

 eONCLUSION 

The  postulated  connection  is 

accepted  as  valid  at 

the  absolute 

■  0  - 

Ho  level, 

althoua  .i  the  power 

is  particularly  low;- 

(0 

ELEMENT 

5/2 (A).  . 

.0 

"  1 

2 

T 

2 

57 

10  • 

33 

100 

"  Ho 

c 

Power 

ELEMENT  c 

1 

4/l-V 

13 

1 

4 

18 

oloo 

4 

0,4184 

0 

66 

7 

1 

74 

0.01 

5 

0.2520 

T 

136 

18 

38 

*192 

^0.02 

6 

0.1348 

CONCLUSION 

Tho 

fjor;tulated 

connection  is 

accepted  as  valid  at 

the  absolute 

Ho  lovel, 

although  the  power 

is  particularly  low. 

ERLC 

(A) 


ELEMENT 
5/3 (B) 


TABLE  1/19 

ELEMENT    5/2  (b) 


'  0 

1 

2 

T  . 

15 

7 

68 

90 

Ho 

c 

Power 

7 

5 

6 

18, 

0.00 

6 

0,7369 

78 

6 

0 

84 

0.01 

7 

0-6031 

100 

18 

74 

192 
• 

0.02 

9 

0,3300 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level/  although  the  power  is  relatively  low. 


(B) 


ELEMENT    5/2  (b) 
0       12  T 


^0 

2 

37 

14 

70 

121 

Ho 

-C 

Power 

ELEMENT 

1 

.11 

2 

2 

15 

i 

0.00 

4 . 

0.8978 

1A(B)-H/C 

0 

52; 

2 

2  , 

56 

0. 01 

6 

0.6759 

T 

100 

18 

74 

Km. 

192' 

0.02 

8 

0.3894 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  relatively  low. 


(C) 


ELEMENT  5/1 


r 

"  0 

1 

2 

T 

2 

41 

19 

14 

74 

Ho 

c 

Power 

ELEMENT 

1 

13 

4 

1 

18 

0.00 

•  6 

0.0133 

5/2 (H) 

0 

00 

10 

0 

100 

0.01 

6 

0.0133 

T 

144 

33 

15 

192 

0.  02 

7 

0.0039 

^CONCLUSION  postulated  connection  is  accepted  as  valid  at 

thbvabsolutc  Ho  level,  although  the  power  is  extremely  ilow,  \ 
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(A) 


TABLE  6/20 


ELEMENT  5/1 
0      1       2  T 


1 

15 

15 

15 

45 

Ho 

c. 

POV^ER 

ELEMENT 

1 

18 

7 

0 

25 

0.00 

7 

0.0144 

5/2 (A) 

0 

111 

11  c 

0 

'  122 

0.01 

8 

0.0047 

T 

144 

33 

15 

192 

0.02 

8 

0 . 0047 

CONCLUSION!  The  postulated  connection  is  accepted^*  as  valid,  at 
the  absolute  Ho  level,  although  the  power  is  extremely  low. 


(B) 

ELEMENT 

4/1- 

H  (Retest) 

0 

1 

2 

T 

2 

14 

7 

86 

107 

Ho 

c 

Power 

ELEMENT 

1 

7 

2 

13 

22 

0.00 

6 

0.9419 

4/1-1! 

0 

56 

2 

5 

63 

0.01 

8 

0.8099 

T 

77 

11 

104 

192 

0.02 

10 

0.5920' 

CONCLUSION    This  skill  was  not  acquired  by  any  significant 
proportion  of  students  in  the  process  of  attempting  more  complex 
capabilities. 


(C) 

ELEMENT 
4/i-v 


ELEMENT     Vi-v  (Retest) 


0 

1 

t 

2 

'  T 

16 

12 

86 

114 

5 

3 

10 

18 

53 

3 

4 

60 

74 

18 

100 

192 

Ho 

c 

Power 

0.00 

6 

0.9253 

0.01 

8 

0.7714 

0.02 

10 

0.5376  ' 

CONCLUSION    This  skill  was  not  acquired  by  ^ny  significant 
proportion  of  students  in  the  process  of  attempting  more  ccxnplex 
capabilities. 
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,T|BLE  6/21 


203 


(A) 


ELEMENT    5/2 (A)  "(Retest) 
0      1       2  T 


2 

1 

3 

34 

38 

Ho 

c 

Power 

ELEMENT 
5/2  (A) 

1 

10 

1 

7 

18 

0,00 

9 

0,1596 

0 

111 

21 

4 

136 

0-01 

10 

0,0904 

'  T 

122 

25 

•  45 

192 

0.02 

11 

0,0474 

ERIC 


CONCLUSION     This  skill  was  not  acquired  by  any  signif i'cant 
proportion  of  students  in  the  process  of  attempting  more  complex 
capabilities. 


(B) 


ELEMENT 

6/5 (B) 


ELEMENT    6/4  (B) 


0 

1 

2 

T 

2  6  " 

15 

143  ' 

"1.84. 

3 

0 

4 

7 

1 

6 

0  " 

1 

30 

15 

147 

192 

Power 

^  b.oo 

2 

0,9999 

0.^01 

7 

0,9730 

0.02> 

9 

0,9001 

CONCLUSION      The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  althougfi  the  power  is  unrealistically  high. 


(C) 


ELEMENT 

6/4 (B) 


ELEMENT 
0  1 

6/3  (») 
?  T 

43 

10 

N 

94 

H47 

Ho 

c 

Power 

8 

0^ 

7 

15 

0.00 

.4 

0.9847 

24 

2 

4 

30 

0.01' 

^6 

0.9<U?0 

75 

12 

105 

'l92 

0.02 

9 

0.6409 

CONCLUSION  TJjo  postulated  connection  is  accepted  as  valid  at. 
the  absoiuto  Ho  level . 


215"- 


0 

•* 

TABLE  6/22 

• 

C 

204' 

'  '  ^  (AT 

ELEMENT 

6/2-S 

0 

1 

2 

T  » 

■ 

2 

29 

14 

43 

86 

Ho 

c 

Power 

1 

. ELEMENT 

■  .                 6/3 (B) 

1 

'  17 

,3 

2 

22 

0.00 

5 

0,4296 

0 

84 

0 

g 

84 

0.01. 

-  6' 

0,2746 

• 

T 

130 

17. 

45 

rl92 

0.02. 

7 

*0,1587. 

CONCLUSION 

The  p'bstulated  connec?<4.on  is  accepte^i  as  valid  at 

■                         the  absolute 

Ho  level, 

although  the  power  is  pcirticularly  low. 

• 

• 

* 

'  (B) 

ELEMENT 

6/2-S 

0 

1 

2 

- 

*  

2 

20 

9 

45 

Ho 

c 

Power 

!  ELEMENT 

.1. 

29 

0 

7 

0 

36. 

-  0.00 

7 

0,2910 

• 

~            ~     ■     '  6/3  (A)-S 

0 

81 

1 

0 

82 

0.01 

9 

0,0996 

T 

130^ 

17 

.45 

192 

0.02 

9 

.0,0996 

* 

CONCLUSION 

The  postulated  connection  is  accepted  ao 

valid  at 

the  absolute 

< 

Ho  level, 

although  the  power 

iSj  extremely  l(^w. 

(C) 

s 

ELEMENT 
0  1 

6/2-E 
2 

T 

r 

• 

ELEMENT 

2 

88 

14 

41 

143 

Ho 

c 

Power 

1 

31 

3 

3 

37\ 

0.00 

4 

0.5611 

6/5 (B) 

0 

11 

0 

»'  ■ 

12 

-  0.01 

% 

0.2352 

• 

T 

130 

17 

45 

192 

0.  02 

7 

0.1302 

< 

CONCLUSION 

The 

postulated  connection's 

accepted  as  valid  at 

the  absolute 

Ho  level, 

although  the  pbwer 

is  particularly  low. 

• 

ERLC 

216.  - 
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(A) 


ELEMENT 

6/3- (B) 


r 


TABLE  6/23 

ELEMENT  6/2-c 


0 

1 

^2' 

T 

32 

9 

50 

91 

Ho. 

c 

Power 

•  10 

4 

0 

14 

'  0.00 

4 

0.6272 

87 

0 

•  0 

87 

0 . 0,1 

5 

0. 4520 

129 

13 

50' 

192  , 

■  0.02 

6 

0.^944 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  particularly  low,^ 


(B) 


■ELEMENT  e/2-c 


-         0      1      2        T  ' 

r 

c 

Power 

2 

*  ELEMENT  ^ 

6/3 (A) -c  ^ 

T 

30  • 

9  , 

50 

.89      -    '.  HO:-' 

12 

4 

0 

16                   '  O-O*^ 

4 

0,63Si4 

87 

0 

0 

87  ■ 

5  - 

0.4652 

129 

13  • 

50 

192        '  0-02 

7 

0.1828  . 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  particularly  low, 

.  V 

(C)  ELEMENT  6/2-c 


0 

,1 

2 

T 

.2 

87 

"  10  . 

46 

143 

.  Ho 

c 

Power 

ELEMENT 

i 

30 

*  3 

4 

37 

O.bo 

4 

0.6566 

6/5 (B) 

0 

12 

0- 

0 

12 

•  0.01 

6  . 

0.3238 

^  * 

T 

129 

13 

50 

192 

■  — r  " 

0.02 

7 

0.1964- 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at% 
the  nbsolute  Ho  level,  although  the  poy^er  is  particularly  low. 


ERIC  ••.  ■ 
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(A) 


'element 

.    6/2-S     - ■ 


TABLE  6/24 


ELEMENT  f>/i.-ii/s 


0 

1 

2 

e  T,; 

8 

14 

23 

.  45- 

7' 

.  3. 

7 

17 

125 

3 

2 

130 

140 

20 

32  I 

■--410 

c 

'A 

Power 

O.'OO 

0.1541 

o.oit- 

0.0',c2 

0.02  , 

0.0340 

CONCLUSION  '^^^  postulated  connection-Is  accepted  as  valid  at^ 
■  the* absolute  Ho  level,  although  the  power  ife  extremely  low. 


(BO-  •. 

ELEMENT 

6/1 

<• 

-H/C 

■  '7\ 

0 

.  1 

2 

T 

2 

10 

9 

31 

50.  ■ 

Ho 

-C; 

Power 

ELEMENT 

1 

3 

3 

7 

13 

0.00 

5 

0.3667 

6/2-C 

0 

121  ^ 

6 

2 

129 

'  ■}  0.01 

6 

0.2216 

• 

T 

134 

18 

40 

,192 

0.02 

7 

0.1206' 

t 

'CONCLUSION  The  postulated  connection  is^accepted  as  valid  at- 
the  absolute  llo  level,  although  the  power  ^is  particularly  Ipw. 


(C) 


*•  2 

ELEMENT.  -  - 

1/1{B)-II/S  ^ 
/  I  0 


ELEMENT  6/l-H/s 


'  ,.1 

•2- 

•  T 

102  • 

«/ 

.32 

153 

9 

1 

0  . 

>io 

29 

0 

0 

140, 

20 

32 

192 

'••Ho 

c 

Power 

O-OO 

2 

0.6371 

0.01 

•  4 

0.2311 

0.02 

'  5 

0.1120 

* 

/•CONCLUSION'  ^'^^f'  postulated,  connection  is  accepted  as  valid  at 
feho  ab<:Oibtc  Ho  level,  although  the  power  is  particularly  low. 
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(A) 


ELEMENT 

1/1(B)-H/C 


TABLE  6/2!S 

ELEMENT  6/l-ii/c 


0 

1 

2 

T 

95  * 

17 

39 

151 

Ho 

c 

Power 

12 

1  ' 

■  1 

14  ' 

p. 00 

3 

0.5881 

27  . 

0 

0 

27 

0.01 

4 

O."3909 

134 

18 

40 

192   ■■  ' 

0.02 

5 

0.2292 

CONCLUSION-  The  postul?*:ed  connection  is  accepted  as  valid  at 
the  absolute  Ho.  JLevel,  although  the  power  is  particularly -low. 


(B) 


element  6/2-S^- 
0      12  T 


2. 

)  19 

r  B 

45 

72 

Ho 

c 

Power 

element 

1 

29 

9 

0 

38 

0.00 

8 

0.2022 

6/3 (C)  ■ 

0 

82 

0 

0'  ■ 

82 

0.01 

■  9 

0.1167 

t 

l30 

17 

45 

192 

0.02 

10 

0.0621 

CONCLUSION  The  postulated  connection  is  ^accepted  as  valid  at 
the  absolut^  Ilo  level,  although  the  power  is  extremely  low. 


(C) 


element 

-■.   ^  1 

;^6/^(q:)  • 


CONCLUSrOf} 
tfio  absolut6 


ELEMENT  6/2-^ 


26 

9 

50 

.  85 

Ho 

c 

Power 

1*5 

4 

0 

19 

-» 

0.00 

5 

6.4912 

88- 

^  0 

0 

88  ^ 

0.01 

6 

0.3302 

129 

13 

50 

192 

■  0.02 

7 

0. 2015 

.  The  postulated  connection  is  accepted  as  Valid  at 
Mp  .level,  although  the  power  is  particularly  low. 
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-    "  TABLES  6/26-6/30  " 

ft 

Subdivisional  Analysis  Results  for  the  Pos„tulated  Learning 
Hierarchy      (Final  Testing  Version) 


PRELIMINARY  NOTES 

1.  jThe  following  tables  contain  the  subdivisional  analysis  results 
for  certain  basic  skills  incorporated  in  the  final  validation 
programme.      These  results  are  presented  in  correlation  matrix 
form,  listing  ..the  number  of  questions  correct*for  each  element/ 
and  the  appropriate  marginal  totals. 


2. 


3- 


The  classification  and  def inition^or  each  element  or  basic 
skill^s  outlined  in  Tables  5/4-5/10  (Chapter  V),  and  a  list 
of  the  relevant  subdivisional  question  groups'  is  presented  in 
Table  6/2. 

^  represents  the'  combined  prob'^ability  that  the  observed  number 
of  students  in  the  0/2  and  2/0  4rells  coulj^  have  occurred  through 
chafice  (or  errors  of  measurement)  under  tY\e  null  hypothesis  that 
no-one  can  gpssess  only  one  of  the  relevant  subdiyisional  skills 
w^ithou^  also  having  the  bther. 
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TABLE  6/26 


(A) 

GROUP 
1 


GROUP  2 
0  1 


GROUP 


2 

— ^ 

180 

0 

1 

3 

2 

3 

9 

N 

3 

183 

192 

2 
1 
0 
T 

ELEMENT  1/3^ 

TEST    H/V  (Positibn) 

P  =     0.0000  * 

CONCLUSION    Question  groups 
1  and  2  represent  different 
subdivisional  skills. 


(C) 

GROUP 
1 


GROUP  2 


0' 

1 

2 

T 

* 

2 

13 

13 

'81 

107 

1 

11 

3 

12 

26 

0 

49 

5 

5 

59 

T 

73 

.  21 

98 

192 

ELEMENT  i/i(b) 

TEST     H/V  (C-ordinates) 

i 

P  =  '  0.0000  0  ' 

CONCLUSION     Question  groups 
1  and  2  represent  different 
subdivisional  skills. 


(B) 

GROUP 
1 


0 

1 

2 

T 

2 

3 

•  2 

120 

125 

1 

6 

4 

3  ^ 

13 

0 

46 

•  3 

5 

54 

T 

'  55 

9" 

';28 

192 

ELEMENT  1/2 

TEST    HA  (Co  -ordinates) 

P  0.0000 

CONCLUSION    Question  groups 
1  and  2  represent  different 
subdivisional  skills. 


(D) 

GROUP 
1 


GROUP  3 


0 

1 

2 

T 

2 

10 

3 

.  94 

107 

1 

15 

2 

9 

26 

0 

53 

3 

3 

59 

T 

78 

8 

106 

192 

ELEMENT    1/1  (b) 

TEST     straight  Line/Curve 

P  =  0.0000 

CONCLUSION     Question  groups 
si  and  3  represent  different 
subdivisional  skills. 
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TABLE  6/27 


GROUP  .4 


GROUP 


GROUP 

2" 


0 

1 

2 

T 

2 

3 

3 

92 

98 

1 

3 

7 

11 

21 

0 

43- 

14^ 

16 

73 

T 

49 

24 

119 

192 

ELEMENT  1/1  (B) 
'TEST    straight  Line/Curve 
P  =  0.0000 

CONCLUSION    Question  groups 
2  and  4  represent  different 
subdivisional  skills. 


(C) 


GROUP 
1 


GROUP  3 


0 

1 

2 

T 

2 

5 

4 

It 

69 

78 

1 

9 

5 

12 

26 

0 

65' 

14 

9 

88 

T 

79 

23 

90 

192 

ELEMENT  l/UA) 

TEST'   Straujht  l.ino/curvo 

P  F  0.0000 

CONCLUSION    yuo^tion  groups 
I  and  3  rOf)rof5cnt  VJifferent 
siibd  J  visional  skills. 


(B) 

GROUP 
1  . 


0 

1 

2 

T 

2 

2 

6  . 

70 

78 

1 

13 

^  6 

7 

26 

0 

67 

9 

12 

.  88 

T 

82 

21 

89 

192 

ELEMENT  i/1(a) 

TEST     H/V  (Co-ordinates) 

P  =  0.0000 

CONCLUSION    Question  groups 
1  and  2  represent  different 
subdivisional  skills. 


(D) 

GROUP 

2 


GROUP 


0 

1 

2 

T 

2 

9 

7 

73 

89 

1 

13 

3 

.  5 

21 

0 

58 

15 

;9 

82 

T 

80 

25 

87 

192 

ELEMENf     1/1  (A) 

TEST       straiqht  jano/CXirvo 

P  =  0.0000 

CONCLUSION     Question  groups 
2  and  4  represent  different 
subdivisional  skills. 
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TABLE  6/28 


GROUP  2/l(B)-2 


GROUP  2 


(A)  , 


GROUP 


0 

i 

2 

T. 

(B) 

0 

1 

2  • 

T 

2 

14 

9. 

53 

-76  . 

'  GROUP 
1 

2 

5 

15 

49 

69 

1 

15 

6 

2 

23 

1 

11 

3 

8 

22 

JO 

76 

11 

6 

S3  ^ 

0 

.  89 

8 

4 

101 

T 

105 

26 

61 

192 

T 

105 

26 

61 

192 

ELEMENT    2/1  {^) -2/1  (B) 


ELEMENT  :2/1(b) 


TEST      Interpolation/Extrapolation  TEST  Line/Points 


P  -  0.0000 


0.0000 


CONCLUSION    El^menta  2/l(A0  and     CONCLUSION    Question  groups 


2/1 (B)  represent  different  basic 
skills. 


1  and  2  represent  different 
subdivisional  .skills. 


(C) 


GROUP 
1 


GROUP  2 


0 

1 

2 

T 

2 

3 

12 

80 

95 

1 

8 

16 

IP 

34 

0 

40 

17 

6 

63 

T 

51 

45 

96 

192 

(D) 

GROUP 
1 


GROUP 


0 

1 

2 

T 

2 

1 

2 

,  186 

189 

1* 

0 

0 

0 

0 

0 

3 

0 

0 

3 

T 

*  4 

2 

186 

192 

ELEMENT     3/2  (a) 
TEST    Max./Min.  Values 
P  =  0.0207 

CONCLUSION    C/uestion  groups 
1  and  2  probably  represent  the 
same  subdivisional  skill.  » 


ELEMENT     1/3  (Retest) 
TEST     H/V  (Position) 
P  =  0.0125 

CONCLUSION    Question  groups 
1  and  2  probably  represent  the 
same  subdivisional  skill. 
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-CABLE  6/29 


GROUP  2 


GROUP  2 


(A) 

GROUP 

J. 9 

1 


0 

1 

2 

T 

2 

2 

9 

122 

133 

1 

7 

3 

18'' 

0 

37 

4 

0 

41 

T 

46 

21 

125 

192 

ELEMENT     1/2  (Retest) 
TEST    HA  (Co-ordinates) 
P  ~  0.2324 

V 

CONCLUSION    Question  groups 
1  and  2  represent  the  same 
suMivisional  skilJL. 


(C) 


GROUP  2 


-GROUP 
1 


0 

1 

2 

T 

2 

2 

2 

103 

107 

1 

3 

12 

7 

22 

0 

55 

4 

4 

63 

T  , 

60 

18 

114 

192 

ELEMENT  4/1 

TEST     HA  (Displacement) 

P  =  0.0005 

CONCLUSION    Question  groups 
L  aQd  2  represent  different 
subdivisional  skills. 


(B). 

GROUP 
1 


0 

1 

2 

T 

2 

3 

48  ^ 

95 

146 

1 

•  0 

3 

5 

8 

0 

^  35 

1  , 

2 

38 

T 

3a 

52 

102 

19;^' 

/ 


-/ 


ELEMENT  4/2 

TEST     HA  (Displacement) 

P  "  0.0414 

CONCLUSION    Question  groups 
1  and  X  probably  represent  the 
same  subd'iyisio.nal  skill- 


(D) 

GROUP 
1 


GROUP  3 


0 

\1 

2 

T 

2 

2 

7. 

144 

153 

1 

0 

5 

5 

10 

0' 

25 

2 

2 

29 

T 

27 

14 

151 

192 

ELEMENT    1/1  (B)  (Retest)„ 
TEST    straight  Line/Curve  • 
P  -  0.0003 

CONCLUSION     Question  groups 
1  and  3  represent  different 
subdivisional  skills. 


224  < 

 L 


2l3 

TABLE. 6/30 


GROUP  2 


GROUP 


(A) 

GROUP 
1 


0 

1 

2 

T 

2 

10 

35 

139 

184 

1 

1 

2 

4 

7 

0 

1 

0 

0 

1 

T 

12 

37 

143 

192 

ELEMENT    6/5  (b) 
TEST    Numerical  Range 
P  =     0.0060  * 

CONCLUSION    Question  groups 
1  and  2  may  represent  the  same 
subdivisional  skill. 


(C) 

GROUP 


GROUP 


0 

1 

2 

T  . 

2 

2 

7 

36 

45' 

1 

1 

4 

12 

17 

0 

126 

2 

2 

130 

T 

129 

13 

50 

192 

ELEMENT  6/2 

TEST    straight  Lino/Curve 

p  =  0.0026 

CONCLUSION    Question  groups 
1  and  2  represent  different 
subdivisional  skills. 


(B) 

GROUP 
1 


0 

1 

2 

T 

2 

3 

5 

66 

74 

1 

(9 

7 

20 

36 

0 

75 

4 

3 

82 

T 

87 

16 

89 

192 

ELEMENT    6/3  (A) 

TEST     straight  Line/Curve 

P  ~  0.0147 

CONCLUSION    Question  groups 
1  and  2  probably  represent  the 
same  subdivisional  skill. 


(D) 

GROUP 
1 


GROUP 


0 

1 

2 

T 

2 

.  2 

6 

24 

32 

1 

0 

8 

12 

20 

0 

132 

4 

4 

140 

T 

134 

18 

40' 

192 

ELEMENT  6/1 

TEST     straight  Lino/Curve 
P  =  0.0017 

CONCLUSION    Question  groups 
1  and  2  represent  different 
subdivisional  skills. 
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.  *  ^  FIGURES  6.2-6.7 

Outline  of  the  Validated  Learning  Hierarchy 

PRELIMINARY  NOTES  '  . 

1.  The  following  figures  present  an  outline  of  each  validated  (and 
rejected.)  connection  for  the  final  testing  version  of  the 
postulated  learning  hierarchy.      The  classification  and  definition 
for  each  element  or    basic  skill  is  outlined  in  Tables  5/4-5/10 
(Chapter  V) ,  and  abbreviations  used  for  the  relevant  subdivisional 
conditions  are  listed  in  the  preliminary  'notes  for  ^Tables  6/4-6/25. 

2.  Lines  representing  hierarchical  connections  are  classified  according 
to  the  following  key. 

^        Cornection  accepted  as  valid  at  the  absolute  Ho  level 

  Connection  accepted  as  valid  at  "weaker"   (0.01  and 

0.02)  Ho  levels. 

 1   Connection  rejected  as  invalid  at  all  three  specified 

'  Ho  ''levels. 

/ 

3.  The  reversal  of  Horizontal  .and  Vertical ^subdivisional  classification 
groups  for  Element  1/1 (B)  reflects  the  reference  in  this  case  -to 
given,  rather  than  required  co-ordinates. 
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V 


FIGURE  6.3. 
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1/1(A)^II/S 


i/r(B)-v/s 


FIGURE  6-4 


FIGURE  6,6 
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5/1 


FIGURE  6.7 
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CHAPTER  VII 


THE  EFFECTS  OF'  A  DIFFERENT  INFORMAIIONAL  ^fcPEL 
ON  TfaE  POSTULATED  LEARNING  HIERARCHY 


c  ■ 
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1.  Introduction 

S'The  application  of  graphical  interpretation  skills  to  different 
informational  models  involves,  apart  from  the  use  of  basic  measurement 
and  computational  procedures  as  defined  in  Chapter  V,  the  Recognition 
or  selection  of  appropriate  interpretative  skills.      This  in  turn 
requires  some  meaningful  tr£uislation  or  understanding  of  specific 
terms  (s*'»ch  as  length,  height,  time  or  rate  of  change)  associated 
with  each  type  of  informational  model.      In  other  worcis,  the 
generalisation  of  graphical  interpretation  skills  requijres  mastery 
of  both  the  basic  intellectual  abilities  and  more  specific  elements 
of  terminology  or  verbalised  jcnowledge.      The  obvious  question  arising 
from  this  asser.tion  is  that^,  given  the  appropriate  elements  of 
verbalised  knowledge  for  a  particular  informational  model,  is  the 

i 

learning  sequence  of  basic  intellectual  skills,  directed  toWard 
analogous  terminal  abilities,  the  same  as  that  for  the  corresponding 
symbolic  or  general  abstract  model  (outlined  and  examined  respectively 
in  Chapters  V  and  VI)? 

/ 
/ 

The  question  of  analogous  learning  hitirarchies  for  different 
informational  models  has  never  been  rigorously  examined,  and  in  fact 

it  seems  to  be  assumed  in  a  number  of  re^eeirch  reports  and*  current 

y 

curriculum  programmes  (reviewed  in  phap^er  II)  that  the  same 

/         '         ^  " 

hierarchical  sequence  is  appropriate  for  any  type  of  informational 
model.      The  experimental  Graph  SkiMs  Program  reported  by  Smith 
(1970)  uses  a  variety  of  models  to  'teach  and  test  each  fundamental 
skill  in  the  development  and  attempted  validation  of  a  conpreh^asive 
learning  sequence.      However  these  informational  models  are 
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collectively,  rather  than  individually  examined  in  the  analysis  of 
hierarchical  relationships,  and  are 'not  consistently  grouped  in  the 
same  systematic  pattern  or  set  for  each  of  the  basic  skills*  Thus 
the  validation  programme  involves  a  relatively  complex  mixture  of 
inf ormati6nal  models,  and  each  hierarchical  connection  may  involve 
a  different  set.  ' 

The  General  courses  of  instruction  on  graphical  interpretation 
skills  outlined  in  Chapter  II   (see  courses  1-6  in  Table  2/^4)  also 
involve  an  extensive  range  of  informational  models,  and  although 
specific  varieJDles  and  units  may  be  different  for  each  of  these 
models,  the  basic  intellectual  or  interpretative  skills  are  assumed 
to  be  the  same.      The  Service  courses  (I.S.C.S.,  B.S.C.S.,  A.S.E.P.) 
are  by  contrast  more  liirdted  in  scope,  and  give  particular  emphasis 
to  a  few  specific  informational  models,  but^  again  the  instructional 
sequence  of  basic  intellectual  skills  is  assumed  to  be  independent 
of  the  more  specific  informational  context. 

The  evidence  given  by  White  (1971) ,  relating  to  the  restricted 
suboirdinate  role  of  verbalised  knowledge  elements  with  respect  to 
general  intellectual  skills,  is  consistent  with  the  assumption 
outlined  above  of  a  common  hierarchical  sequence  of  basic  intellectual 
skills  for  a  range  of  different  informational  models.      Since  it  is 
shown  by  White  that  elements  of  specific  terminology  (verbalised 
knowledge)  can  only  take  a  limited  subordinate  role  in  complex 
learning  hierarchies,  it  would  seem  that  they  are  essentially  independent 
of  the  system  of  intellectual  skills,  and  could  therefore  be  adapted, 
without  affecting  the  basic  hierarchical  structure,  to  any  'specific 

/ 
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infonnational*model.      The  relevant  limitation  of  White's  study,' 

*  * 

however,  is  that  only. one  such  model  is  examined. 

In  accordance  with  the  research  implications  and  assxamptions 
outlined  above,  it  was  decided  to  examine,  by  means  of  a  parallel- 
validation  study,  the  effect  of  a  different  informational  model  on 
the  sequence  of  basic  graphical  interpretation  skills  defined  in 
Chapter  V.      The  selection  of  a  suitable  model,  and  the  preparation 
and  administration  of  the  appropriate  validation  programme,  are 

r 

discussed  below  in  section  2. 

2.     The  Preparation  and  Administration  of  Validation  Programme  II 

The  selection  of  a  suitable  alternative  informational  model  for 
the  analysis  of  basic  graphical  interpretation  skills  involved  a 
number  of  important  considerations.      It  was  essential,  for  example, 
that  the  model  should  be  realistic  in  both  general  concept  cind 
numerical  detail,  and  interpretable  in  a  meaningful  sense  at  the  form 
1  testing  level.      Moreover  it  was  necessary  that  this^ condition  of 
meaningful  interpretation  should  apply  to  each  of  the  pr^iously 
defined  interpretative  areas.      It  was  decided,  therefore,  ^to  use 
some  form  of  rate/time  graphical  model,  for  which  the  area  could  be 
meaningfully  interpreted  as  total  amount/given  time,  although  the 
gradient  (rate  of  change  in  given  rate)  might  be  relatively  difficult 
to  explain.      This  model  was  based  on  a  population  concept,  initiated 
by  the  recent  international  interest  in  Environmental  Education,  and 
involved  the  major  variables  of  Time  (Horizontal  Axis)  and  Annual 

* 
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Birth  Rate  (Vertical  Axis). 

Apart  from  the  obvious  differences  with  respect  to  specific 
terminology,  which  was  always  explained  oh  first  occurrence  and 
illustrated  by  example,  the  validation  programme  constructed  for 
this  model  (see  Programme  II  in  Volume  III)  was  identical  to  that 
for  the  abstract  njodel  examined  in  Chapter  VI.      Certain  differences 
in  symbolic  notation  were  also  required  for  Programme  II,  and  these 
symbols  were  used  extensively  throughout  the  validation  programme, 
but  again  they  were  explained  and  illustrated  on  first  occurrence. 
The  sequence  of  basic  and  subdivisional  skills,  which  was  identical 
to  that  'for  Programme  I,  has  already  been  outlined  in  Table  6/1, 
and  the  classification  of  relevant  subdivisional  skills  in  Table 
6/2  (Chapter  VI) . 

The  administration  of  Programme  II  involved  a  total  of  211  form 
1  students  from  twelve  randomly  selected  co-educational  high  schools 
in  Melbourne.      The  total  testing  sample  involved  approximately  equal 
numbers  of  male  and  female  students,  ranging  in  age  from  11  to  14 
years  (taken  to  the  nearest  year)  with  a  mean  of  12.6.      The  number 
of  students  involved  from  each  particifjating  school  is  shown  in 
Table  7/1.      For  most  of  these  schools  only  half  a  class  of  students 
was  involved,  while  as  explained  for  Progr^nme  I  in  Chapter  VI,  the 
rest  of  the  class  were  simultaneously  engag^  in  one  of  the  alternative 
validation  programmes. 


"PS 


TABLE  7/1 

Sample  Numbers  and  Completion  Tiroes  for  Validation 


Programme  II 


HIGH  'SCHOOL 

students 
in  Sample 

Completion 
Tiroe  (minutes) 

Xjongesu 
Completion 
Time  (minutes) 

Altona  North 

20 

61 

114 

Blackburn 

21 

55 

108 

Brighton 

14 

53  . 

114 

Caulf ield 

16 

49 

102 

Colli ngwood 

11 

42 

107 

Dandenong 

15 

Co 

58 

106 

Donvale 

15 

45 

86 

Frankston 

18 

62 

113 

Moorabbin 

31 

37 

84 

Moorleigh 

20 

52 

110 

Vermont 

14 

54 

108 

Waver ley 

16 

49 

135 

Mean  Completion  Time 
Standard  Deviation 

51.4 
7.5 

107.3 
13.2 
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The  conditions  of  administration  for  the  second  validation 
programme  were,  along  with  the  characteristics  of  the  sampling 
population  mentioned  above ,  analogous  to  those  for  Programme  I,  and  < 
involved  consecutive  presentation  of  the  three  constituent  sections 
with  periodic  breaks  for  concentration  relief.      A  list  of  the 
shortest  and  longest  completion  times  for  each  participating  class 
is  presented  in^Table  7/1.      These  times  show  marginally  smaller 
variations  than  those  for  Programme  I  (Table  6/3)  ,  but  the  mean 
values  are  not  significantly  different  at  the  0.05  level  (t-test 
for  difference  of  sample  means  -  see  Glass  and  Stanley  1970).  The 
progress  curve  for  Programme  II  (Figure  7.1)  is  also  similar  to  that 
for  the  first  validation  programme  (Figure  6.1),  although  in  this 
case  the  rate  appears  to  increase  beyond  the  25-ininute  mark,  rather 
than  continue  in  the  same  expected  linear  trend. 

3 .    Results  and  Implications  of  Validation  Programme  II 

The  results  for  the  second  validation  programme  were  subjected 
to  the  same  statistical  analysis  .as  those  for  Programme  I  (Chapter  6) . 
Thus  each  of  the  postulated  hierarchical  connections  was  tested  at 
three  different  null  hypothesis  levels ,  with  the  individual 
probability  of  a  Type  I  error  given  by  <^  -  0.00087.      The  results  of 
this  analysis  are  presented  in  Tables  7/2-7/23,  and  those  for  tho 
subsequent  analysis  of  relevant  subdivi6ional  skills  are  outlined  in 
Tables  7/24-7/2B.      In  the  latter  case      -  0.0026  for  each  of  the  20 
compa-rative  tests. 
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FIGURE  7.1 
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Progression  Rate  for  Programme  II 
(Moorabbin  High  School) 


<j>.  O  O 


20 


40  60 
TIME  (IN  MINUTES) 


NOTES 


80 


100 


1.  Circles  represent  the  mean  number  of  pages  completed  at  specified 
times. 

2.  Vertical  lines  represent  the  appropriate  Standard  Deviation. 

3.  Number  of  students  involved  =31. 
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In  general  the  number  of  exceptions  observed  for  each  of  the 
postulated  hierarchical  connections  was  lower  for  this  validation' 
study  than  in  the  previous  case  (Programme  I).      Thus  most  of  the 
postulated  connections  were  accepted  as  valid  at  the  absolute  Ho 
level,  since  the  levels  of  response  inconsistency,  and  hence  the 
calculated  critical  numbers  in  the  0/2  cells  of  the  relevant 

\ 

correlation  tables,  were  in  most  cases  similar  for  both  validation 
programmes.      From  ^  a  review  of  predocni^^^t^errors,  it  seems  that 
the  drop  in  exceptions  for  Programme  II  was  prolDably  attributable 
to  less  confusion  between  Horizontal  and  Vertical  co-ordinates,  with 
the  differential  axis  labels  of  Time  and  Annual  Birth  Rate  apparently 
producing  indre  effective  discrimination,  at  least  with  i^espect  to 
positional  skills  (areas  1-3) •      As  a  corollary  of  the  generally 
fewer  exceptions  to  the  postulated  learning  hierarchy,  only  one  of 
the  test/retest  correlation  tables  (representing  element  1/1 (A)  in 
Table  7/12(C))  indicated  a  significant ^level  of  learning  during 
practiqe  at  subsequent  hi'gher-order  skills. 

Perhaps  the  most  prominent  difference  in  results  between 
Programmes  I  and  II  was  that  coi     •'ning  the  postulated  connection 
between  elements  1/2  and  1/1  (B) .      This  relationship  was  tested  (in 
both  validation  programmes)  in  four  parallel  situations  under 
different  subdivisional  conditions,  and  was  rejected  under  all 
conditions  in  Programme  1,  but  accepted  for  each  case  in  Progrcwunc 
II  (Figure  7.2).      Similar  discrepancies  were  observed  for  the 
connections  between  element  2/3  (A)  and  its  postulated  subordinate 
skills  (Figure  7.3),  and  for  the  various  interrelationships  between 
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elements. 1/2,  1/1 (A)  and  3/2 (A)   (Figure  7 •4),      Each  of  these 
postulated  relationships  was  rejected  as  invalid  under  one  or  more 
of  the  tested  subdivisional  conditions  in  Programme  I,  but  all  were 
accepted  in  Programme  II  at  one  of  the  vaorious  null  hypothesis  levels, 
although  in  some  cases  the  power  was  relatively  low* 

Similar  results  were  obtained  in  both  validation  programmes 
for  all  of  the  postulated  connections  in  areas  4-6  (Figures  7*5-7.7)* 
For  a  few  of  the  more  difficult  skills,  howeyer,  the  calculated 
power  was  extremely  low,  reflecting  in  part  the  response  inconsistencies 
for  Jboth  validation  programmes,  but  more  significantly  the  difficulty 
levels  of  the  higher  or  more  complex  skills.      With  respect  to 
element  5/1,  for  example,-  only  three  students  answered  both  questions 
correctly  in  Programme  II  (Table  7/17 (C)),  so  that  in  this  case  the 
null  and  alternative  hypotheses  were  effectively  the  same,  and  thus 
the  statistical  test  was  rendered  ineffective  by  the  total  loss  of  - 
power.      In  cases  such  as  this,  the  final  judgement  of  validity  can 
only  -be  subjective. 

The  results  of  the  subdivisional  analysis  for  the  second 
validation  programme  are  generally  similar  to  those  for  Programme  I, 
and  thus  consistent  with  the  earlier  analysis  outlined  in  Chapter  IV. 
In  contrast  with  the  Programme  I  results,  however,  the  difference  in 
Programme  II  between  Horizontal  and  Vertical  co-ordinate  subdivisions 
in  elements  1/2  and  1/3  is  maintained  in  both  retesting  situations. 
The  results  for  elements  6/2  and  6/3 (A)  are  also  different  for  each 
programme,  but  since  the  general  analytical  pattern  for  area  6  is  


internally  inconnistont  for  both  validation  programmes,  these  \ 

discrepancies  arp  probably  not  important. 

■  > 

The  difficulty  levels  for  each  of  the  corresponding  elements 
show  considerable  variations  between  Programmes. I  and  II.  In 
most  cases  the  difficulty  levels  are  substantially  lower  for 
Programme  II,  but  for  elements  3/1  and  5/2  (A)  they  are  approxima'zely 
the  same,  and  for  elements  5/1,  6/3(B),  6/2  and  6/1  they  are  higher 
than  the  relevant  levels  for  Programme  I.      It  seems,  from  a  review 
of  predominant  errors,  that  although  the  specific  axis  labels  used 
in  Programme  II  are  generally  an  advantage  for  positional  and 
displacement  skills,  the  derivative  terms  for  gradient  (rate  of 
change  in  TVnnual  Birth  Rate)  and  area  (total  number  of  births/100 
people)  are  apparently  more  confusing  than  the  corresponding  general 
or  symbolic  terms. 


The  results  of  this  analysis,  together  with  that  discussed  in 
Chapter  VI,  clearly  show  that  the  hierarchical  network  of  basic 
graphical  interpretation  skills . is  substantially  the  same  for  both 
general  and  specific  informational  models.      Thus  in  spite  of  certain 
discrepancies  with  respect  to  j)Ositional  skills  (areas  1-3),  which 
may  simply  be  a  product  of  mor*-  general  inconsistencies  observed  in 
the  relevant  section  of  Programme  I,  the  overall  pattern  of  basic 
intellectual  skills  is  independent  of  the  more  specific  terminology 
and  symbolic  notation  associat(^d  with  individual  elements,  although 
this  may  affect  the  relevant  difficulty  levels.      Thrs  result  is 
consistent  with  the  implications  of  previous  research  by  White  (1971-)- 


\ 

and  with  the  assumptions  (outlined  in  section  1)  of  current  curriculiim 
progra:Times  on  graphical  interpretation. 

The  research  outlined  above  has  important  implications  with 
respect  to  graphical  interpretation  skills  for  both  curriculum 
development  and  associated  classroom  practice,  since  it  establishes 
an  "empirical  basis  for  the  use  of  a  common  instructional  sequence 
of  general  interpretative  skills,  which  may  be  related  at  each  level 
to  a  range  of  more%pecific  informational  models,  or  more  meaningful 
situations.      Thus  the  same  hierarchical  structure  of  -intellectual 
skills  may  be  used  to  cover  an  almost  infinite  range  of  specific 
interpretative  tasks,  provided  that  the  relevant  notation  or 
terminology  is  understood. 

'  In  spi\e  of  this  potential  generalisation,  however,  the  ^ 
determinSition  of  indeperldent  subdivisional  skills  within  each  of 
the  basic  intellectual  abilities  remains  an  important  limiting  factor, 
and  restricts  the  use  of  any  basic  skill,  in  both  general  and  specific 
inf oirmational  context,  to  the  relevant  subdivisional  or  instriactional 
^conditions.      One  of  the  most  impoa^tant  subdivisional  conditions 
within  the  postulated  learning  hierarchy  is  that  of  numerical  range 
(outlined  and  established  for  various  elements  in  Chapter  IV),  which 
applies  to,  and  thus  restricts  the  use  of  almost  every  basic  skill. 
The  extension  of  this  range  from  integral  to  decimal  numbers  shbu3d 
therefore  expand  the  generalisation  potential  of  each  relevant 
ability,  but  may  also  increase  the  resultant  computational  complexity. 
The  specific  effocts^of  this  change  on  the  postulated  learning 
hiereirchy  are  examined  in  Chapter  VIII  by  means  of  an  additional 
complementary  validation  study. 

m 
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«    TABLES  7/2-7/2 


"Validation  Results  for  Programme  II 
(Victoria) 

PRELIMINARY  NOTES  .  ^ 

1.  The  following  tables  present  the  results* for  each  of  the  postulated 
hierarchical  connections  between  basic  and  subdivisional  skills 
incoporated  in  Programme  II.      These  results  are  presented  in 
correlation  matrix  form,  listing  the  number  of  questions  correct 
for  each  element^^  and  the  appropriate  meurginal  totals. 

2.  The  critical  nvimber  of  exceptions  (C)  permitted  in  rne  0/2  cell 
of  the  relevant  correlation  table  Is  listed,  together  with  the 

'  appropriate  statistical  power,  for  ^ach  of  the  null  hypothesis 
levels  defined  in  Chapter  VI  (see  preliminary  notes  for  Tables 
6/4-6/25) • 

3.  The  classification  code  for  each  element  is  outlined  in  Tables 
'  5/4-5/10,  and  the  relevant  subdivisional  conditions  are 

ipresented  in  Tables  6/4-6/25  (preliminary  notes) . 

t> 

4.  Element  6/3  (C)   (not  previously  defined  in  Chapter  V)  involves 
the  skill  of  counting  -sqaures  on  a  two-dimen;5ional  grid. 


044 


! 


(A) 


ELEMENT 

1/3-H 


TABLE  7/2 

ELEMENT  1/2-h 


0  • 

•1 

2 

T 

■ 

21 

14 

159 

194 

•  Ho 

c 

Power 

3 

0 

8 

11 

0.00 

4 

0.9997 

3 

3 

6  ■ 

0.01 

8 

0.9809 

27 

17 

167 

211  . 

0.02 

11 

0.8797 

CONCLySION  The  pos^yilated  connection  is  accepted  as  valid  at 
'the,  absolute  Ho  levels 


I 

(B) 


ELEMENT  V2-v 


ELEMEHT  , 

1/3-V 

0 


0  ■ 

,1 

2 

T 

16 

22  ' 

164 

202 

Ho 

c 

Power 

2 

0 

•2 

4 

0.00 

4  . 

0.9990 

2 

2 

1 

5 

8 

0.9558^. 

20 

24. 

167 

211 

0.02 

10 

0.8612 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level. 


(C) 

ELEMENT 

1/2-V 


-ELEMENT  l/l(B)-v/s 


0 

.1 

..  2 

.  T 

26 

15  • 

'l26 

L67  ■ 

■  .  .Ho 

c 

Power 

9 

2 

13 

24 

0.00 

6 

0.9939 

11 

3 

6 

20  • 

0.01 

9 

0.9379 

46 

20 

145 

211 

0.  02 

11 

0.8266 

CONCLUSION  The  postulated  connection  »is  accepted  as  valid  at 
the  absolute  Ho  level. 


(A) 


ELEMENT- 

■1/1(B)-V/S 


TABLE  7/3 

vELEMEMT  1/1(A)-h/s 


0 

1 

'  2 

T 

• 

16 

2 

127 

145 

Ho 

C 

Power 

& 

12 

0 

20 

0.00 

6 

0.9837 

42 

4 

0 

46 

0.01 

8 

'0.9285 

66 

18 

127 

211 

0.02 

11 

0.7055 

CONCLUSION,  'T^^  postulated  connection  accepted  As  valid/at 
the  absolute  Ho  lever.  ' 


(B) 


ELEMENT 

1>2-V 


ELEMENT  i/i(a)-h/s 


X 

'2 

T 

\ 

41 

15 

'111 

.167 

c  , 

Power 

11 

1 

12 

'  24 

'  0.00 

\? 

a.  9920 

14, 

2 

4 

20 

0.01 

•  8 

0!.9i54 

^66 

18' 

127 

211  .  • 

0.02  ■ 

.  10 

0.7724 

J 

CONCLUSION  The  postulated  conneqtibn  is  accepted  as  valid  at 
,the  absolute  Ho  levcl^. 
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'9 


(C) 


/ 

/ 


ELEMENT  l/l(A)-H/s 
0        1      2      T'  , 


ELEMENT 

1/2-H 


36 

13 

118 

167 

Ho 

c. 

Power 

10 

'  0 

7 

'  17' 

0.00- 

•  4 

0*9971 

20 

5 

2 

27  ' 

0.01 

.  7. 

0.9524 

66 

V 

127  ■ 

311 

0.  02 

.10 

0.7605 

CONCLUSION  The  postulated -connect ion  is  accepted  as  valid  at 
the  absoliite  Ho  level. 


(A) 


ELEMENT 

1/2-H 


TABBE  7/4 

\  . 

ELEMENT  i/i(B)-^/s 
'  0      -r"     2  T 


7 

i2 

148 

167  1 

1 

•7 
¥ 

2 

8 

17 

12 

10 

5 

27 

26 

24 

161 

211 

Ho 

G 

Power 

0.00 

10 

0.9570 

0.01 

12 

0.8746 

0.02 

14 

0.7280 

CONCLUSION  The  postulated  connection  is  accepted  as^valid  at 
the  absolute  Ho  level.  ♦  \ 


(B) 

ELEMENT 

1/1(A)-V/S 

I' 

0 

1 

2 

T 

2 

4 

6 

151 

161 

Ho 

C 

Power 

ELEMENT  ^ 

8 

16 

0 

24 

0.00 

9 

0.9641 

1/1(B)-H/S 

0 

21 

5 

P 

26 

0.01 

12 

0.8232 

T 

33 

27 

151 

211 

0.'02 

14 

0.6485 

/ 


CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level. 


(C) 


ELEMENT  l/l(A)-v/s 


ELEMENT 

1/2-H 


0 

1 

2 

T 

12 

13  ' 

142 

167 

Ho 

c 

Power 

7 

4 

6  ^ 

0.00 

9 

0.9598 

14 

10 

3 

27 

0.01 

11 

0.8766 

33 

27 

151 

211 

0.  02 

14 

0.6281 

CONCLUSION  The  postulated  connection  is  accepted  as  val,xd  at 
the  absolute  Ho  level. 


ERIC 
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"(A) 


ELEMENT 

1/2-.V 


TABLE  7/5 

ELEMENT  i/l{A)-v/s 


0 

1 
1 

I 

T 

I 

17 

16 

134 

167 

no 

r 
u 

PoU/C  D 

rUnbK 

'  8 

4 

12 

24 

0.00 

8 

0,9760 

8 

7 

5 

20 

0.01 

11 

0,8587 

33 

27 

151 

211 

0.02 

13 

0,6956 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level. 


(B) 


ELEMENT  l/l{B)-v/c 


.'  2 
ELEMENT  ^ 

1/2-V 

0 
T 


0 

1 

2 

T 

18 

3 

146 

167 

Ho 

c 

Power 

7 

•  2 

1- 

24 

0.00 

5 

0.9996 

12 

3 

5 

••  20 

0.01 

9 

0.9810 

37 

8 

166" 

211 

0.02 

12 

0.8875 

I 

^CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
\  the  absolute  Ho  level. 


\ 


element  1/1(a)-h/c 


element 

i/\i(B)-v/c 

0 

W 


0 

1 

2 

T 

16 

7 

143 

166 

Ho 

c 

Power 

4 

4 

0 

8 

0.00 

\ 

0.9991 

33 

4 

0 

37 

0.01 

8 

0.9596 

53 

15 

143 

211 

0.02 

10 

0.8705 

conclusion  '^^^  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level. 


ERIC 
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(A) 


ELEMENT 

1/2-V 


TABLE  7/6 

ELEMENT  1/1(a)-h/c 


0 

1 

2 

T 

29 

12 

126 

167 

Ho 

c 

Power 

9 

2 

13 

24 

0.00 

5  ' 

0.9976 

15 

1 

4 

20 

0.01 

8 

0.9645 

53 

15 

143 

211 

0.02 

11 

0.8146 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level. 


(B) 


ELEMENT 

1/2T-H 


ELEMENT  i/1(a)-h/c 


0 

1 

2 

T 

22 

13 

'  132 

167 

'  Ho 

c 

Power 

10 

1 

6 

17 

0.00 

5 

0.9973 

21 

1 

5 

27 

0.  01 

3 

0.9612 

53 

15 

143 

211 

0.02 

11 

0.8031 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level. 


(G) 


ELEMENT 

1/2-H 


ELEMENT  i/1(b)-h;c 


0 

1 

2 

T 

12 

4 

151 

167 

.8 

1 

8 

17 

21 

1 

5 

27 

41 

6 

•164 

211 

Ho 

Power 

^0.00 

4 

0.9999 

o.ai 

8 

0-9884 

0.  02 

0-9169 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  second  (0,01)  Ho  level. 
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I  ■ 


238 
TABLE  7/7 


(A)  ELEMENT  i/1(a)-v/c 


ELEMENT 

l!/l(B)-H/C 


0 

1 

2 

T 

2 

8 

1 

155 

164 

Ho 

c 

Power 

1 

2 

4 

0 

6 

0.00 

3 

0.9999 

0 

38 

3 

0 

41 

0.01 

7 

0.9900 

T 

48 

8 

155 

211 

0.02 

J.0 

0.9186 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level. 


(B) 


ELEMENT 

-1/2-H 


ELEMENT  •l/l(A)-v/c 


0 

1 

2 

T 

19 

4 

144 

167. 

Ho 

c 

Power 

6 

3 

8 

17 

0.00 

4 

0.9997 

23 

1 

-  ,3 

27 

0.  01 

8 

0.9800 

48 

8 

155 

211 

0.02 

11 

0.8756 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level. 


(0 


ELEMENT 

1/2-V 


ELEMENT  l/l(A)-v/c 


0 

1 

2 

T 

2 

26 

3  ■ 

138 

167 

Ho 

c 

Power 

1 

10 

1 

13 

24 

0.00 

5 

0.9991 

0 

12 

4 

4 

20 

0.01 

8 

0.9828 

T 

48 

8 

155 

211 

0.02 

11 

0.8882 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level. 
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239 


(A) 


TABLE  7/8 

ELEMENT  2/1(a)-h/p 
0      1       2  T 


2 

25 

7 

95 

127 

Ho 

c 

Power 

ELEMENT  ^ 

1/1(A)-H/S 

0 

11 

2 

5 

18 

0.00 

6 

0.9634 

42 

13 

11 

66 

0.01 

9 

0.7834 

T 

78 

22 

111 

211 

0.02 

11 

0.5663 

CONCLUSION     The  postulated  connection  is  accepted  as  valid  at 
the  third  (0.02)  Ho  level,  although  the  power  at  this  level  is 
particularly  low. 


(B) 


ELEMENT  ^ 

i/1(bVv/s 
•  0 

T 


ELEMENT  2/1(A)-h/p 


0 

1 

2 

T 

31 

10 

104 

145 

Ho 

c 

Power 

12 

? 

5 

20 

0.00_ 

0.9556 

34 

10 

2 

46 

0.01 

8 

0.8448 

78 

22 

111 

211 

0.02 

10 

0.6464 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level. 


(C) 


ELEMENT 

l/l(A)-ll/S 


ELEMENT  2/i(b)-h/s 


0 

1 

2 

T 

33 

24 

70 

127 

Ho 

c 

Power 

12 

4 

2  ^ 

L8 

0.00 

.  8 

0.6000 

49 

11 

6 

r>6 

0.01 

10  * 

0.3417 

94 

39 

78 

211 

0.  02 

11 

0.2344 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  particularly  low. 
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(A) 


ELEMENT 

1/1(B)-V/S 


TABLE  7/9 

ELEMENT  2/1(b)-h/s 


0 

1 

2 

T 

rr\  1 

s^PoWER 

46 

26 

73 

145 

Ho 

c 

12 

8 

0 

20 

0.00 

0\,6573 

36 

5 

5 

46 

0.01 

/.5205 

94 

39 

78 

211 

0.02 

10 

(q^s-o 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolut,e  Ho  level/  although  the  power  is  particularly  low. 


(B) 


ELEMENT 

1/1(A)-H/S 


ELEMENT  2/i(b)-h/p 


0 

1 

2 

T 

43 

21 

63 

127 

Ho 

C" 

Power 

14 

0 

4 

18 

0.00 

6 

0.7176 

53 

6 

7 

66 

0.01 

7 

0.5804^ 

110 

27 

74 

211 

0.02 

9 

0.3088 

CONCLUSION  T'hc  postulated  connoction  is  accoptcd  as  valid  at 
t  )ir-  rUM'oiirl  (O.Ol)  llo  t(*V(*|,  ii  J  t.h()U(|ti'  Ihf*  power  «il  ttii.':  l(*Vt*l  i:: 
particularly  low. 


(C) 


ELEMENT 

1/1(B)-V/S 


ELEMENT  2/1(u)-h/p 


^0 

1 

2 

T 

56 

22 

67 

145 

Ho 

c 

Power 

16 

2 

2 

20 

0.00 

5 

0.8108 

38 

3 

5 

46 

0.01 

7 

0.5448 

110 

.  27 

74 

211 

0.02 

8 

0.4025 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level/  although  the  power  is  relatively  low.  ^ 
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(A) 


feLEMENT 

1/2-.V 


TABLE  7/10 

ELEMENT    3/2  (A) -Max. 


2 

T 

37 

44  . 

93 

174 

Ho 

r 
I 

rOWER 

5 

5 

8 

18 

0.00 

9 

0,5970 

9 

6 

4 

19 

0.01 

10 

0,4700 

51 

55 

105 

211 

0.02 

12 

0,2451 

CONCLUSION  The  postitiated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  particularly  low. 


(B) 


ELEMENT 

1/1(A)-V/G 


ELEMENT  3/2(A)-Mdx. 


0 

1 

2 

T 

29 

'39 

94 

162 

.  Ho 

c 

Power 

8 

4 

3 

15 

0.00 

12 

0.4502 

14 

12 

8 

34 

0.01 

13 

0.3396 

51 

55 

105 

211 

0.02 

15 

0.1657 

CONCLUSION  The  postulated  connection  is  accepted  *  as  valid  at 
the  absolute  rio  level,  although  the  power  is  particularly  low. 


-■I 


(C) 


ELEMENT 

1/2-V 


ELEMENT  3/2(A)-Min. 


0 

1 

2 

T 

40 

37 

97 

174 

Ho 

c 

Power 

6 

5 

7 

18 

o.oo 

8 

0,7255 

10 

8 

1 

19 

0.01 

9 

0,6056 

56 

50 

105 

211 

0.02 

11 

0,3579 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ilo  level,  although  the  power  is  relatively  low. 
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(A) 


ELEMENT 

1/1(A)-V/C 


TABLE  7/11 

ELEMENT   3/2 (A) -Max. 


0 

1 

2 

T 

30 

35 

97 

162 

Ho 

C 

Power 

7 

5 

3 

15  - 

0.00 

10 

0.6457, 

19 

10 

5 

34 

0.01 

-^14097 

56 

50 

105 

211 

,  o<oi 

13 

0.3022 

CONCLUSION  The  postulated"  connect  ion  is  accepted  as  valid  at 
the  absolute-Ho  level,  although  the  power  is  particularly  low. 


(B) 


ELEMENT 

3/2 (B) 


ELEfCNT  3/1 


0 

1 

2 

f 

i 

53 

78 

43 

174 

Ho 

Power 

1 

8 

3 

0 

11 

0.00 

10 

0.0118 

0 

18 

4 

0 

26 

0.01 

11 

0.0045 

T 

79 

89 

43 

211 

0.02 

11 

0.0045 

CONCLUSION.  Tbo  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  extremely  low.  . 


ERIC 


(C) 


ELE^€NT  3/1 


0 

1 

2 

T 

2 

ELEMENT 

3/2  {A)-Max.^ 

22 

50 

33 

105 

Ho 

c 

Power 

27 

22 

6 

55 

0.0  0 

17 

0.0034 

0 

30 

17 

4 

51 

0.01 

17 

0.0034 

T 

79 

89 

43 

211 , 

0.02 

17 

0.0034 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
^he  absolute  Ho  level,  although  the  power  is  extremely  low. 
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TABLE  7/12 


(A)  ELEMENT  3/1 

0      i      2  T 


2 

20 

51 

34 

i05 

Ho 

c 

Power 

ELEMENT  ^ 

3/2(A)-Min. 

0 

20 

24 

6 

50 

.  0.00 

18 

0.0029 

39 

14 

3 

56 

0.01 

.18 

0.0029 

T 

79 

89 

43 

211 

0.02 

18 

0,0029  , 

CONCLUSIQN  '  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  extremely  low. 


(B) 


ELEMENT 

1/2-V 


ELEMENT    l/2-V  (Retest) 


0 

1 

2 

T  - 

9 

13 

145 

167 

Ho' 

c 

Power 

1 

4 

1 

19 

24 

0.00 

■  9 

0.9870 

9 

1 

10 

20 

0.01 

12 

1 

0,9144 

19 

18 

174 

211 

0.02 

14 

0,7970 

CONCLUSION  This  skill  was  not  acquired  by  any  significant  proportion 
of  students  in  the  process  of  attempting  more  complex  capabilities.. 


(C) 


ELEMENT 

1/1(A)-V 


ELEMENT    1/1(A)-V  (Retest) 


1- 

2 

T 

4 

8 

143 

155 

Ho 

c 

Power 

5 

0 

^  3 

8 

0.00 

7 

0,9963 

25 

7 

16 

48 

0.01 

10 

0,9608 

34 

15 

162 

211 

0*02 

13 

0,8210 

CONCLUSION  This  skill  was^  acquired  by  a  significant  proportion 
of  students  in  the  process  of  attempting  more  complex  capabilities, 
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TABLE  7/13 


244 


(A) 

ELEMENT 

4/3  . 

/ 


ELEMENT  4/2-11 


0 

1 

2 

.  T 

35 

5 

164 

204 

Ho^ 

C 

Power 

2 

0 

1 

3 

0.00 

1 

1.0000 

3 

1 

0 

4 

0.01 

7 

0.9939 

40 

6 

165  - 

241- 

0.02 

10 

0,9433 

CONCLUSION  The  postulated  connection  is  accepted  as  valid,; at 
^the  absolute  Ho  level. 


(B) 


ELEMENT 
4/3 


ELEMENT  4/2-v 
0      1      2,   '  J 


2 

30 

6 

168 

204 

Ho 

C 

Power 

•1 

2 

,  0 

1 

3 

0.00 

^  1 

1.0000 

0 

4 

0 

0 

4 

0.01 

7 

0.9953 

T 

36 

6 

169 

211 

.  0.02 

10 

0.9530 

CONCLUSION  The  postulated  conuection  is  accepted  as  valid  at 
the  absolute  Ho  level. 


ERIC 

hminniBTirrTuma 


(C) 

ELEMENT 
1/3-n 


ELEMENT  4/2-H 


0 

1 

2 

T 

2 

35 

5 

164 

204 

Ho 

c 

Power 

1 

'2 

\ 

1 

4 

0.00 

1 

1.0000 

0 

3 

0 

0  ' 

3 

0.01 

7 

0.9939 

T 

40 

6 

165 

211 

0.  02 

10 

p. 9433 

CONCLUSION  'T^G  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level. 
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TABLE  7/14 


(A)' 


ELEMENT 
1/3-v 


ELEMENT  4/2-v 


0 

1 

2 

T 

29 

5 

169 

203 

Ho 

'  c 

Power 

0 

0 

0 

0 

'  0.00 

2 

1.0000 

7 

1 

0 

8 

0.01 

7 

0.9953 

36 

6 

169 

.  211 

0.02 

10 

0.9534 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level. 


(B) 


ELEMENT  4/i-h 


element 

4/2- H 


0 

1 

2 

T 

17 

17 

131 

165 

2 

0  • 

4 

6 

27 

6 

7 

40 

46 

23 

142 

211 

Ho 


0.00 


0.01 


0.02 


c 


10 


12 


Power 


0.8901 


0.7411 


conclusion    The  postulated  connection  is  accepted  as  valid  at 


the  absolute  Ho  level. 


(C) 

ELEMENT 
4/2-v 


ELEMENT  4/i-v 


0 

1 

2 

T 

9 

16 

144 

169 

1 

2 

3 

6 

-  36 

-2-7— 

— 5— 

—4 

•37 

23 

151 

211 

Ho 

c 

Power 

0.00 

8 

0.9813 

0.01 

10 

0.9296 

0.02 

13 

0.7331 

CONCLUSION  'The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level. 
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TABLE  7/15 


246 


(A) 


ELEMENT 
1/2-H 


ELEMENT  4/l-H 
0      1  •     2-  T 


2 

21 

18 

137 

176 

Ho 

c 

Power 

/I 

7 

0 

4 

11 

0.00 

6 

0.9909 

S 

0 

18 

5 

1 

24 

0.01 

8 

0,9553 

T 

46 

23 

142 

211 

0.02* 

11 

0,7836 

CONCLUSION  The  postulated  connection  is  accepted  as  valic^  at 
the  absolute  Ho  level. 


(B) 


ELEMENT  4/1-v 


ELEMENT 
1/2-v 


0 

1 

2 

T 

2 

15 

10 

136 

161 

1 

4 

5 

13 

22 

0 

18 

8 

2 

28 

-T 

37 

23 

151 

211 

.  Ho 

C 

Power 

0.00, 

8 

0.9816. 

0.01 

11 

0.8826 

0702 

13 

0.7352 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Hb  level. 


ERIC 


■(G) 


ELEMENT 
5/4  (A) 


ELEMENT     5/3  (A) 


.0 

I 

2 

T 

41 

5 

ill 

157 

Hp 

c 

Power 

3 

1  . 

1 

2 

0.0  0, 

3 

0.9978 

38 

'  7 

3 

48 

0.01 

0.9529 

82 

13 

116 

211  " 

0.02 

9 

0.7454 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level.  - 
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TABLE  7/16 
\ 


(A)- 


ELEMENT 

5/3'^A) 


ELEMENT  5/2 (a) 


0 

.1  ■ 

.  2 

T  . 

75 

8 

33 

116 

•  ■  Ho 

•C 

^WER 

11 

0 

2 

13. 

0.00 

3 

0.539,9' 

77 

3 

2 

82 

0.01 

4 

0.3432 

163 

•11 

37 

211 

0.02 

5 

0.1915 

■  CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  particularly  low.. 


(B) 

ELEMENT 
4/l-H 


ELEMENT  5/2 (a) 


0 

1 

2 

T 

>* 

97 

"8 

30 

135  ■ 

^  ■  Ho 

c 

Power 

18 

0 

5 

23 

0.00 

3 

0.5561 

48 

3 

2 

53 

0.01 

y 

4 

0.3^89 

163 

11 

37 

211 

0.02 

5 

0.2037 

CONCLUSION  The^ postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  particularly  low. 


-  (C) 


ELEMENT  5/2 (A) 


0 

1 

2 

T 

ELEMENT 
4/l-V  • 

•2. 

105 

9 

34 

148  • 

\  Ho 

C 

Power 

1 

9 

0 

0 

9 

/o.oo 

2 

0.'V278 

0 

49- 

2 

3 

54 

'  0'.  0 1 

4 

0.3247 

T 

163  . 

11 

37 

211 

\  0.02 

5' 

0.1775 

CONCLUSION  'rho  postulated  connection  i.s/ accepted  .is  Valid  at 
the  second  (0.01)  llo  level,  aIt;hough  the'^ower  s»t  this  level  is 
extremely  -low.! 
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"TABLE  7/17 


ELEMENT   5/2 (B)  ' 


• 

0 

1  ' 

2 

T 

.     '  2 

27 

2 

92 

121 

Ho 

C 

Power 

ELEMENT 

1 

5/3  (B) 

0 

12 

5. 

4 

21  , 

o.-oo. 

.  5 

0.9494 

65 

3 

1 

69 

0.01 

"  7 

0.8168 

•  T 

104 

10 

97 

211 

0.02 

9  ' 

0.5897 

CONCLUSION  Th^  postulated  connection  is  accepted*  as  valid  at 
the  absolute  Ho  level. 

I 


(B) 


ELEMENT 

1/1(B)-H/C 


ELEMENT  .5/2(B)  ^ 


0 

1 

2, 

T 

2 

64 

9 

89 

162 

Ho 

c 

Power 

1 

7 

1 

8 

,16  ' 

0.00 

3 

0.9913 

0. 

33 

0 

0 

33 

0.01 

6 

0.8707 

T 

104 

10 

97 

211 

0.02 

8 

0.6631 

CONCLUSION  '^^6  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level. 


(0 


ELEMENT 


ELEMENT  5/1 


0 

1 

2 

T 

76 

18 

3 

97 

Ho-" 

•c 

Power 

7 

3 

0 

10 

0.00 

4 

0.0017 

94 

10 

0 

104 

0.-01 

4 

0.0017 

177 

31 

3 

?11 

0.02 

4 

0.0017 

CONCLUSION  Tho  postulated^  connection  is  accepted  als  valid  at* 
the  absolute?  Ilo  lovej.,  although  the  power  is  extremely  low. 


?60 


X 


(A) 


ELEMENT 

5/2 (A) 


TABLE  7/18 


249 


ELEMENT  5/1 


0 

1 

2 

T 

19 

10 

3 

32 

rlO 

r 
L 

rOWER 

10 

8 

0 

18 

0.^00 

5 

0.0012 

148 

13 

0 

161 

0:01 

5 

0,0012 

177 

3-^ 

3 

.  211. 

0.02 

5 

b/0012 

CONCLUSION  The  postulated'  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  extremely  low. 


\ 


\ 


(B) 


ELEMENT 

4/1-H 


.  ELEMENT   4/1-h  (Retest) 


0 

1 

2 

T  ' 

2 

'9 

15 

118  - 

142 

Ho 

C 

Power 

1 

6 

3 

14 

23 

0.00 

8 

0,9662 

0 

38 

5 

46 

0.01 

la 

0.1174 

T 

53 

23 

135 

211 

0.02 

13 

0.6379 

CONCLUSION    This  skill  was  not  acquired  by  any  significant 
proportion  of  students  in  the  process  of  attempting  more  complex 


capabilities. 


(C) 


ELEMENT 

\  1 


ELEMENT  4/l-v  (Retest) 


4/1-V 


.  0 

1 

2 

T 

10 

6 

135 

151 

Ho 

C 

Power 

9 

2 

12 

23 

0.00 

5 

0.9986 

35 

1 

1 

^  37 

0.01 

8 

0.9761 

54 

9 

148 

2ir 

0.02 

11 

0.8592 

CONCLUSION    I'his  skill  was  not  acquired  by  any  signifie^ant 
proportion  of  students  in  the  process  of  attempting  more  complex  " 
capabilities. 
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L.. 


(A) 


'  TABLE  7/19 
/ 

ELEMENT    5/2 (A)  (RetVst) 


250 


ELEMENT 

5/2  (A) 


0 

•  1 

2 

T 

.  7 

2/ 

28 

37 

Ho' 

yC 

/ 

Power 

5 

■  2 

4 

11  " 

0.00 

/  = 

0.2246 

149 

14 

'  0 

163  ' 

0.01  1 

0.1162 

161 

18 

32 

■  211  . 

7 

0.0537 

CONCLUSION    This  ski:j[l  was  not  acquired  by  aij^  significant 
proportion  of  students'  in  the  process  of  attempting  more  complex 
capabilities.  /  , 


(B) ; 

■)  . 

ELEMENT 

I 

6/5  (B)^ 


ELEMENT  6/4(B) 


2 

1 

0 
T 


/ 
0 

2 

T 

1 

30 

151 

204 

i  Ho 

c 

Power. 

1 

4 

6 

1  0.00 

2 

0.9999 

1 

ft 

_J) 

1 

/  0.01 

7 

0.9729 

32 

24 

155 

211 

/  0.02 

9 

0.9000 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  leJrel. 


ERIC 


(0 


ELEMENT 

6/4  (B) 


ELEMENT  6/3  (B) 
0     •  I      2  T 


2 
1 
0 
T 


65 

10  \ 

80 

155 

15 

2 

24 

25 

6 

32 

105 

18 

88 

211 

Ho 

c 

Power 

0.00 

4 

0.9569 

0.01 

7 

0.7125 

0.  02 

8 

0.5831 

COf'JCLUSION  The  postulat^  connection  is  accepted  as  valid  at 
the  absolute  Ho  level • 


(A) 


TABLE  7/20 
ELEMENT  6/2-S 


251 


ELEMENT 

6/3 (B) ' 


0 

1 

2 

T 

2 

22 

14 

29 

65 

Ho 

c 

Power 

1 

15  ' 

2 

-  0 

17 

0.00 

5 

0,1829 

0 

124 

3 

2 

129 

oi^i 

6 

0,0890 

T 

161 

19 

31 

211 

0,02 

6 

0,0890 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  extremely  low. 


(B) 


ELEMENT  6/2-s 


0 

1 

2 

T 

-33" 

-10" 

-31" 

74 

Ho" 

. 

Power' 

ELEMENT 

1 

26 

9 

0 

35 

0.  00 

6 

• 

0.1481 

6/3 (A) -s 

0 

102 

0 

0 

102 

0.01 

7  . 

0.0727 

T 

161 

19 

31 

211 

0.02 

8 

0.0322 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
tJif  absoluto  Ho  lovel ,  althouqh  the  power  is  extremely  low. 


(C) 

ELEMENT 

6/5 (B) . 


ELEMENT  W2-r, 
0        1      2  T 


109 

17 

26 

152 

rio 

c 

Power 

38 

1 

4 

43 

0.00 

0,2744 

14 

1 

•  1 

16 

0,01 

5 

0,1412 

161 

19 

31 

211 

0.02 

6 

0,0639 

The  postulated 

connection  is 

accepted  as  valid  at 

the ^absolute  Ho  level,  although  the  power  is*  extremely  low. 
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252 


(A) 


ELEMENT 

6/3 (B) 


TABLE  7/21 

ELEMENT    6/2-c  ^ 


0 

*  1 

2 

2 

28 

16 

25 

69 

Ho 

c« 

Power 

1 

7 

2 

1 

10 

0.00 

4 

0.2137 

0 

129 

2 

1.. 

i 

132 

^  0.01 

5 

0,1009 

T 

164 

20 

27 

211 

0.02 

5 

0,1009 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  extremely  low. 


(B) 


ELEMENT 

6/3 (A) -c 


ELEMENT  6/2-c 


0 

1 

2 

T 

35 

13 

27 

75 

.Ho 

c 

Power 

11 

7 

0 

18 

0.00 

4 

0.2349 

118 

0 

0 

118^ 

0.01 

5 

0.1145 

164 

20 

27 

211  * 

0.02/ 

6 

0.0490 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  extremely  low. 


ERIC 


(C) 


ELEMENT 

6/5 (B) 


ELEMENT  6/2-c 


0 

1 

2 

T 

110 

18 

24 

152 

Ho 

c 

Power 

39 

2 

2 

43 

0.00 

4 

0.1914 

15 

0 

1 

16 

0.01 

4 

0.1914 

164 

20 

27 

211 

0.02 

5 

0.0872 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
tho  .ibsoluto  lie  level,  although  the  power  is  extremely  low. 
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(A) 


ELEMENT 

6/2rS 


"    TABLE  7/22 

ELEMENT  V)/1-m/s 


0 

1 

2 

T 

11 

5 

15 

31 

Ho 

c 

Power 

7 

2 

10 

19 

0.00 

6 

0.0991 

160 

1 

0 

161 

0.01 

7 

0.0387 

178 

8 

25 

211 

0.02 

7 

0.0387 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  extremely  low. 


(B) 


ELEMENT 
6/2-c 


ELEMENT  6/1-h/c 


0 

1 

2 

T 

6 

5 

16 

27 

.  Ho 

c 

Power 

11 

2 

7 

20 

0.00 

7 

0,0528 

161 

2 

1 

164 

0.01 

8 

0,0219 

178 

9 

24 

211 

0.02 

8 

0,0219 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  extremely  low. 


(C) 


ELEMENT 

l/l(B)-H/sV 
0 


ELEMENT  6/1-h/s 


0 

1 

2 

T 

134 

,  8 

24 

166 

Ho 

C 

Power 

21 

0 

1  " 

22 

0,00 

2 

0.4793 

23 

0 

0 

23 

0,01 

3 

0.2607 

178 

8 

25 

211 

0,  02 

4 

0.1196 

CONCLUSION  Tj^e  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  particularly  low. 
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TABLE  7/23 

(A)  ELEMENT  6/l-H/c 


ELEMENT 

1/1{B)-H/C 


0 

1 

2 

T 

2 

147 

8 

23 

178 

Ho 

•c 

Power 

1 

7 

1 

1 

9 

0.00 

1 

0.6965 

0 

24 

0 

0 

24 

0.01 

3 

0.2237 

T 

178 

9 

24 

211 

0.02 

4 

0.0966 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  althougfh  the^  power  is  relatively  low. 


(B) 

* 

ELEMENT  6/2-s 
0      1      2  T 

2 

ELEMENT  ^ 

6/3  (C) 

0 
T 

25 

.  9 

31 

Hd 

C 

Power 

28 

10 

0 

38       .  0-00 

7 

0.1078 

108 

0 

0 

108  0-01 

8 

0,0519 

161 

19 

31 

211  0-02 

9 

0,0227 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  extremely  low. 


(C) 


ELEMENT 

6/3 (C) 


ELEMENT  6/2-c 


0 

1 

2 

T  * 

32 

7 

27 

66 

Ho 

c 

Power 

11 

13 

0 

24 

0.00 

5 

0.1529 

121 

0 

0 

121 

0.01 

6 

0.0708 

164 

20 

27 

211 

0.02 

7 

0.0292 

CONCLUSION  postulated  "^connection  is  accepted  as  valid  at 

the  absoluto  Mo  level,  although  the  power  is  extremely  low. 
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TABLES  7/24-7/28 
Subdivisional  Analysis  Results  for  Programme  II 
(Victoria) 


PRELIMINARY  NOTES 

1.  The  following  results  are  presented  in  correlation  matrix  form, 
listing  the  number  of  questions  correct  for  each  element,  and 
the  appropriate  marginal  totals. 

2.  The  classification  code  for  each  element  is  outlined  in  Tables 
5/4-5/10,  .and  a  list  of  the  relevant  subdivisional  question 
groups  is  presented  in  Table  6/2. 

•> 

3.  P  represents  the  combined  probability  that  the  observed  number 
of  students  in  the  0/2  and  2/0  cells  could  have  occurred 
through  chance  (or  errors  of  measurement)  under  the  null 
hypothesis  that  no-one  can  possess  only  one  of  the  relevant 
subdivisional  skilis  without  also  having  the  other. 

.2^ 


1 


TABLE  7/24 
I 


2S6 


GROUP  2 


GROUP 


(A) 


0 

1 

'2 

T 

2 

2 

3 

189 

194 

1 

1 

0 

10 

11 

0 

.  2 

1 

3  . 

6 

-  T 

5 

4 

202 

211 

ELEMENT  1/3 

TEST     HA  (Position) 

P  -  O.OQOQ 

\ 

CONCLUSION''  Question  groups 
1  and  2  represent  different 
subdivisional  skills. 


(C) 

GROUP 
1 


GROUP  2 


0 

1 

2 

T 

2 

17 

14 

130 

161 

1 

8 

6 

10 

24 

0 

21 

0 

5 

26 

T 

46 

20 

145 

211 

ELEMENT    1/1  (B) 

TEST     ll/V  (Co-ordinates) 

P  -  0.0000 

CONCLUSION     Question "group: 
1  and  2  represent  different 
subdivisional  skills. 


(B) 

GROUP 
1 


0 

1 

2 

T 

2 

4 

13 

150 

167 

1 

6 

7 

'  4 

17 

0 

10 

4 

13 

27 

T 

20 

24 

167 

211 

ELEMENT  1/2 

TEST    HA  (Co-ordinates) 

P  ^  0.0000 

CONCLUSION     Question  groups 
1  and  2  represent  different 
subdivisional  skills. 


(D) 

GROUP 
1 


GROUP 


0 

1 

2 

T 

2 

3 

4 

154 

161 

1 

15 

1 

8 

24 

0 

23 

1 

2 

26 

T 

41 

6 

164 

211 

ELEMENT  i/i(b) 

TEST      straight  Line/Curve 

P  ~    0.0110  ' 

CONCLUSION  gaestion  groups 
1  and  3  may  represent  the  same 
subdivisional  skill. 


ERIC 


?68- 


TABLE  7/25 
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GROUP 


■  (A>. 


GROUP 


GROUP 
2 


0 

1 

2 

T 

2 

2 

3 

140 

145 

1 

2 

4 

14 

20 

0 

33 

1 

12 

46 

T 

37 

8 

166 

211 

.  ELEMENT  l/l{B) 
TEST    straight^  Line/Curve 
P  =  0.0000 

CONCLUSION    Question  groups 
2  and  4  represent  different 
subdivisional  skills. 


(C) 

GROUP 
1 


GROUP  3 


0 

1 

2 

T 

2 

2 

9 

116 

127 

1 

7 

1 

10 

18 

0 

4^ 

5 

17 

66 

T 

53 

15 

143 

211 

ELEMENT  1//1(A) 

TEST    straight  I.inc/ Curve 

P  =  0,0000 

CONCLUSION     C>uGstion  groups 
1  nnd  3  roprcsont  different 
.su^xl  i  visional  r;k  i  lis. 


(B) 


GROUP 

1 


0 

1 

2 

T 

2 

1 

6 

120 

127 

1 

4 

4 

10 

18 

0 

28 

17 

21 

66 

T 

33 

27 

151 

211 

ELEMENT  i/i(a) 

TEST"     H/V  (Co-ordinates) 

P  =  0.0000 

CONCLUSION    Question  groups 
1  and  2  represent  different 
subdivisional  skills. 


(D) 

GROUP 

2 


GROUP 


^  0 

1 

2 

T 

2 

6 

3 

142 

15i 

1 

16 

1 

10 

27 

0 

26 

4 

'  3 

33 

T 

48 

8 

155 

211 

ELEMENT  i/1(a)         -  J 

TEST     straight  Line /Curve 

P        0.0000  .'^Y 

CONCLUS  I  ON    ^*^%tion  groups 
2  and  4  reprosont  different 
sul)divi.<;ional  skills. 
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TABLE  7/26 


(A) 

GROUP 
2/1 (A) -1 


GROUP     2/1  (B) -2 


GROUP  2 


0 

1 

2 

T 

(B) 

0 

1 

2 

2 

27 

16  ■ 

68 

111 

GROUP 
1 

2 

8 

15 

55 

.78 

1 

13 

6 

3 

22 

1 

18 

7 

14 

39 

0 

70 

5 

3 

78 

0- 

84 

5 

5 

94 

T 

110 

27 

74 

211 

T 

110 

27 

74 

211 

ELEMENT  2/1{a)-2/1(b) 

TE  S  T     In  terpol^ tion/Ex tr  apolation 

P  =  0.0000 

CONCLUSION     Elements  2/1  (A) 
and  2/1(3)  represent  different 
basic  skil3.s. 


(C) 

GROUP 

1 


GROUP 


0 

1 

2  . 

T 

2 

2 

8 

95 

105 

1 

22 

25- 

8 

55 

0 

32 

17 

2 

51 

T 

56 

.50 

105 

211 

ELEMENT     3/2  (a) 
TEST     Max./Min.  Values 
P  =  0.7069 

CONCLUSION     Question  groups 
1  and  2  represent  the  same 
subdiv  isiona]  ski  1 1 . 


ELEMENT  2/l,{By 
TEST  ^  Line/Points 
P  -  0.0000 

CONCLUSION   .Question  groups 
1  and  2  represent  different 
subdivisional  skills. 


(D) 

GROUP 
1 


GROUP  2 


0 

1 

2 

T 

2 

3 

0 

201 

204 

1 

3 

0 

1 

4 

0 

2 

0 

1 

3 

T 

.  8 

0 

203 

211 

ELEMENT    1/3  (Retest) 
TEST     H/v  (Position) 
^  ~  0.0000 

CONCLUSION   Question  groups 
1  and  2  represent  different 
subdivisional  skills. 


270 


TABLE  7/27 


259 


GROUP  2 


(A) 


GROUP  2 


GROUP 
1 


0 

1 

2 

T 

4  ' 

17 

155 

176 

7 

3 

1 

11 

17 

2 

5 

,  24 

28 

22 

161 

211 

1 

i. 

I 

i 

-  \ 

element'     1/2  (Retest) 

TEST     H/V  (Co-ordinates) 

P  =    0.0000  ^ 

CONCLUSION     Question  groups 
1  and  2  represent  different 
subdivisional  skills. 


(C) 

GROUP 
1 


GROUP 


0 

1 

2 

T 

2 

1 

3 

138 

142 

1 

2 

10 

11 

23 

0 

34 

10 

2 

46 

T 

37 

23 

151 

211 

ELEMENT  4/1 

TEST    H/v"  (Displacement) 

P  ~  0,1103 

CONCLUSION    rjuestion  groups 
1  and  2  represent  the  same 
subdivisional  ski^l. 


(B) 

GROUP 
1 


0 

1 

2 

2 

'  3 

2 

160 

165 

1 

1 

0 

5 

6 

0 

32 

4 

4 

46 

T 

36 

6 

169 

211  , 

ELEMENT  4/2 

TEST     HA  (Displacement) 

P  =  0,0000 

CONCLUSION     Question  groups 
1  and  2  represent  different 
'  subdivisional  skills. 


(D) 

GROUP 
1 


GROUP 


0  • 

1 

2 

T 

2 

2 

5 

159 

166 

1 

2 

3 

17 

22 

0 

20 

1 

2 

23 

T 

24 

9 

178 

211 

ELEMENT  1/1  (B)  (Retest) 
TEST—  -Straight  Line/Curve 
P  0.0011 

CONCLUSION    Question  groups 
1  and  3  represent  different 
subdivisional  skills. 
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TABLE  7/28 


0 


260 


—GROUP— 2- 


GROUP 


(A) 


GROUP 

1 


0 

1 

2 

T 

2 

15 

41 

148 

204 

1 

■  Q 

2 

4 

6- 

0 

1 

•  0 

0 

1 

T 

16 

43 

152 

211 

ELEMENT    6/5  (b) 
■TEST   Numerical  I?ange 
P  =  0.0004 

CONCLUSION   Question  groups 
1  and  2  represent  different 
subdivisional  skills. 


(B) 


GROUP 

1 


0 

1 

2 

T 

2 

7 

9 

58 

1 

14 

6 

15 

35 

0 

97 

3 

.2 

102 

T 

118 

18 

75 

211 

ELEMENT     6/3  (A) 

TEST     Straight  Line/Curve 

P  =    O.OOOl  •  . 

CONCLUSION  Question  groups^ 
1  and  2  represent  different  v 
subdivisional  skills. 


(C) 

GROUP 

1 


GROUP  2 


0 

1 

2 

T 

2 

1 

11 

19 

t 

31 

1 

4 

7 

8 

19 

0 

159 

2 

0 

161 

T 

164 

20 

27 

211 

\     ELEMENT  6/2 
TEST 
*    P  =  0.5057 


Straight  Line/Curve 


CONCLUSION     Questiqn  groups 
1  and  2  represent  the  same 
subdivisional  skill.  ' 


(D) 

GROUP 

1 


GROUP  2  . 


0 

1 

2 

T 

2 

3 

6 

le 

25 

1 

1 

,  1 

_.  ^ . 

» 

6, 

8 

0 

174" 

2 

I  2 

178- 

T 

178 

9 

24 

211 

ELEflENT  6/1 

TEST      straight  Line/Curve 

P  ^  0..0000' 

CONCLUSION    Question  groups 
1  and  2  represent  different 
subdivisional  skills. 
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'  *    FIGURES  7".  2-7  > 7     '  .     "  > 
•  Outline  of.  the  Validated  Learning  iHorardhy  for  Proqr^njn")^-^ 


(Victoria) 


0 


PRELIMINARY  NOTES.  / 
~  ''  '  , 

iM^he  classification 'code  .'for  each  basic  skill  is^.outlined  in^ 
.fables  5/4-5/10,  and  abbreviations  used  for  the  relevant  ^ 
•  subj3ivis:^ne(l  concjitiops  are' listed  in  the' preliminary  notes 
for  Tables  6/4-6/25.^   a  '  .  :    (  / 

2.    Lines  representing  hierarchical  conr^ections  are  classi^ied^ 
according  to  the  following. 'key.  • 


Connection  ^accepted  as  valid  at  the  absolute 
'Ho  level.       '  " 


Connection  accepted  as  valid  at  weaicer- 
(0.01  afid  0.02)  Ho  levels.  ' 


Connection  rejected  as  invalid  at  all  th3;'eo  ^ 


specified  Ho  levels. 


\ 

\ 
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FIGURE  7.3 
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2/l(A)-H/P 


2/l(B)-H/S 


2/l(B).-H/P 


l/l(A)-li7S 


.1/1(B)-V/S 


FIGURE  7,4 


3/2  (A)- 

-Max 

X 

l/KA)- 

•V/C-- 

3/1 

3/2(A)-MiN 

-  1/2-V 

5/2(B) 
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^1 

l-v 

\ 

\ 

\ 

\ 

\ 

\ 

\ 

\ 

\ 

\ 
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FIGURE  7.6  265 


FIGURE  1.1 


266 


6/3(A)-S 


6/3(B) 

6/i|(B) 

\\ 

6/3(0 


6/5(B) 
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CHAPTER  VIII 


THE  EFFECTS  OF  EXTENDED  NUMERICAL  RANGE  ON  THE 
POSTULATED  LEARNING  HIERARCHY 


79 


1.    Introduction  '      ^  ; 

One  of  the  most  important  limiting  conditions  applied  to 
introductory  courses  oti  graphical  interpretation  is  the  restriction 
of  numerical  range.      With  respect  to  the  General  (primary  school) 
courses  outlined  in  Chapter  II  (see  courses  1-6  in  Table  2/4) ,  the 
use  of  numerical  range  in  basic  graphical  skills  often  lags  well 
behind  the  introduction  of  more  conplex  and  extensive  number  systems 
in  other  sections  of  th'e  primary  curricuium.      Most  of  these  courses, 
for- example,  are  initially  restricted  to  a  relatively  limited  range 
of  positive  integers,  although  the  South  Australian  course  is  based 
on  a  more  extensive  system  of  positive  rational  numbers,  and  the 
S.M.S.G.  programme  involves  both  positive  and  negative  integers. 
All  three  of  the  high  school  Service  courses  outlined  in  Table  2/4 
(no's  7-9)  are  iased  on  positive  number  systems,  although  only  one 
(B.S.C.S.)  is  restricted  to  integers,  while  the  T.S.C.S.  and  A.S.E.P. 
programmes  also  cover  both  common  fractions  and  decimal  numbers. 
♦Negative  numbers  are  rarely  used  at  either  primary  pr  secondary  level 
in  introductory  graphical  exercises,  and  fractional  numbers  are 
seldom  taken  to  more  than  =\  single  decimal  place. 

The  same  conservative  approach  of  restricting  numerical  range 
is  also  evident  in  many  research  studies  concerned  with  hierarchical 
learning  of  both  graphical  interpretation  skills  and  general 
computational  procedures.      la  two  early  studies  by  Gagnd.   for  exampl 
(see  Gagn^  &  Paradise  1961,  Gagn6  et  al.  1962),  all  arithmetical 
calculations  are  restricted  to  relatively  small  integral  numbors, 
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althougil  it  could  reasonably  be  assumed  in  both  cases  from  the  stated 
testing  level   (seventh  grade)  that  the  students  would  be  experienced 
in  computations  with  considerably  larger  or  more  complex  numbers. 
Smith  (1970)  similarly  restricts"  the.  numerical  tx^nge,  in  a  study  of 
-various  graphical  interpretation  skills,  to  positive  integral  numbers, 
although  in  this  case  the  testing  level  extends  from  grade  three  /to 
grade  six,  so  that  the  same  assumptions  of  previous  computational  ^ 
experience  would  probably  not  apply.      In  contrast  with  these  studies, 
Gray  (1969)  examines,  at  the  grade  ,five  level,  a  hierarchical  network 
of  both  interpretative  and  computational  skills  involving  fractional 
numbers  corrected  to  the  second  decimal  place.      In  the  validation 
study  by  White  (1971),  however,  directed  at  the  form  three  (ninth 
grade)   level,  all  positional  and  displacement  skills  are  reistricted 
to  a  limited  range  of  integral  numbers,  while  a  few  of  the  more  complex 
skills  involving  calculations  of  quotient  or  gradient  are  extended, 
m  tenns  of  the  relevant  result,  i:o  include  fractional  or  decimal 
numbers,  with  separate  subdivisional  skills  defined  for  answers  greater 
or  less  than  one. 

Although  limiting  with  respert  to  potential  generalisation,  the 
consorvativo  approach  adopted  by  Gaqn6   (1961,  1962),  Smith  (V)70) , 
Whi!(^   (J^r/1)  arKl  many  others  in  restrictinq  the  numerical  ran-jo  to 
rol  it.  ivf^ly  fiimplo  intoqral  or  rational  numbers  is  no  doubt  logic;al]y 
sound,  since  the  object  of  these  studies  is  not  to  confuse  the  students 
with ^unnecessary  computational  complexity,  but  to  establish  a 
hierarchical  network  of  logically  related  skills.      Moreover  in  view 
of  the  subdivisional  analysis  results  outlined  in  Chapter  IV,  this 
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approach  is 'also  clearly  essential  on  empirical  grounds since 

the  use  of  integral  and  deqimal  numbers  involves  different  . 

subdivisional  sk411s,  with  additional  categories  defined  in  terms 

of  computational  result".      Thus  interchanging  these  numerical  systems 

at  different  levels  of  the  learning  hierarchy,  as  evident  in  the- 

study  by  Kolb  (1967/8)     could  invalidate  the  postulated  sequence  of  ' 

skills. 

Despite  the  necessary  restrictions  on  numerical  range  for 
hierarchical,  validation,  it  seems  in  practice  that  the  relevant  skills 
of  graphical  interpretation  must  at  some  stage  be  extended  to  include 
the  more  complex  number  systems  used  in  other  areas  of  the  science 
and  mathematics  curriculum  at  both  primary  aiKi  secondary  levels.  A 
review  of  current  introductory  .courses  (see  Table  2/4  in  Chapter  II) 
suggests  that  these  extensions  are  generally  left  to  a  somewhat 
haphazard,  retrospective  treatment  in  subsequent  curriculum  topics, 
rather  than  incorporated  progressively  throughout  the  learning 
prograirme.      It  seems  reasonable  to  suggest,  however,  that  extensions 
of  numerical  range  would  be  more  appropriately  treated  in  the  same 
systematic  instructional  programme  as  that  used  to  teach  the  basic 
interpretative  skills,  provided  that  these  modifications  do  not 
affect  the  overall  hierarchical  structure  or  sequence  of  skills. 
In  order  to  examine  the  validity  of  this  assumption,  a  third 
validation  programme  was  prepared  us*  -g  both  integral  and  rational 
numbers  in  each  of  the  relevant  interpretative  skills.      The  prerjaration 
rind  administration  of  this  programme  are  discussed  below  in  section  2, 
with  results  and  implications  outlined  in  section  3. 
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2.    The  Preparation. and  Administration  of  Validation  Prograimne  III 

In  preparing  the  third  validation  programme,  different  numerical 
systems  were  used  for  Horizontal  and. Vertical  co-ordinate  positions*. 
Horizontal  co-ordinates  were  restricted  to  positive  integers,  while 

^Vertical  co-ordinates,  also  positive ,^were  given  (or  estimated)  to 
the  nearest  decimal  place.      This  arrangement  was  adopted  so  that 
all  calculations  involving  quotient  and  gradient  would  have  an  ^ 
integral  denominator,  thus  avoiding  the "computational  complexities 
of  long  division,  which  might  otherwise  make  the  programme  too 

-^difficult  for  form  1  students.      Where  estimation  was  involved/ 

appropriate  Jewels  of  tolerance  were  allowed  for  both  positional  and 
displacement  skills  (0.1  and  0.2  units  respectively).      In  such 
cases  exact  results  for  division  calculations  could  not  be  guaranteed, 
so  that  again  an  estimate  was  required  to  the' nearest  decimal  place. 

Apart  from  the  differences  in  numerical  range  outlined  above, 
which  affected  most,  but  not  all  of  the  postulated  interpretative 
skills,  the  instructions,  examp:es  and  questions  iricf6rporated  in 
Programme  III  were  similar  to  those  prepared  for  Programme  I,  and 
the  same  symbolic  notation  was  used  in  both  validation  programmes* 
The  sequence  of  presentation  for  the  basic  intellectual  skills,  which 
was  also  common  to  both  validation  programmes,  has  already  been 
outlined  in  Table  6/1,  and  the  classification  of  relevant  subdivisLonaL 
conditions,  redefined  for  Programme  ill,  is  presented  in  Table  B/I. 
A  comprehensive  copy  of  the  third  validation  programme  is  included  in 
Volume  III. 
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•    The  conditions  of  administration  for  Programme  m  were 
basically  similar  to  those  for  Programmes  I  and  II,  and  in  this  case  ^ 
involved,  a,  total  of  202  form  1  students  f r  )m  twelve  randomly  ,  ^ 

selected  co-educationed  high  schools  in  Melbourne-     'Vhis  testing 
sample  included  89  male  and  113  female^ students,  ranging  in  age  from 
11  to  15  years  (taken  to  the  nearest  year)  with  a  m^an  of  12.6. 
The  number  of  students  involved  from  each  participating,  scho.ql  is  ' 
shown  in  Table  8/2.      For  reasons  already  explained  in  Chapter  VI, 
only  half  a  class  'of  students  was  involved  from  most  participating 
schools,  with  the  rest  of  the  class  engaged  in  one  of  the  alternative 
validation  programmes. 

Both  the  shortest  and  longest  mean  completion  times  for 
Programme  III  (see  Table  8/2)  are  substantially  higher  than  the 
corresponring  values -for  Programmes  I  and  II,  but  the  range  of  • 
individual  results  is  also  relatively  large,  so  that  the  differences 
in  average  time  are  •not  statistically  significant.      The  progression 
curve  for  Programme  III  (see  Figure  Q.\)  also  shows  a  generally  slower 
working  rate  than  the  corresponding  curves  for  Programmes  I  and  II, 
but  the  same  predominantly  linoar  trend  suggests  at  least  that  the 
rate  is  relatively  constant  to  the  pent  of  first  Completion 
(approximately  60  minutes) .  ' 
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TABLE  e/1 

The  Classification  of  Subdivision^!  Skills 
Included  in  Validation  Programme'  ITX^ 


Element       ^^estion  Relevant  Subdivisio.r[aX  Conditions 

Number       .   Group      ^  *          '  '  /    I      ^         •  , 

TZ  IT  '                       '  *  ^  ♦  • 

1/3                   1  '          '  Position  H/I/+ 

2  ^  '                        V/D/+    .  ■  :  * 

'                  1  '  Required' Co-ordinate  H/I/+ 

'2  ^        /  V/D/+ 

1/1 (B)               '  ,             Straight  line,  Given  Co-ordinate  H/I/+ 

2  ^                      ,  V/D/+ 

^       3  Ci^rve^  Given  Co-otdinate  H/I/+ 

4  V/D/+ 

1/1  (A)               1  •  Straight  line,  Required  Co-ordinat:e  H/I/+* 

2  ^  \^  V/D/+ 

3  Curve,  Required  Co-ordinate  H/I/+ 
"  4  "  '  V/D/+ 

2/1  (A)               1  "       Required  Co-ordinate  H/I/+ 

2/1  (B)               1  Straight  line,  Req-i.ired  co-ordinate  H/I/+ 

2  Row  of  Points,  Co-ordinate  H/I/+ 

3/2  (A)         '      1  Maximum  Value  V/D/+ 

2  Minimum  Vti'luc*  V/D/*- 

'*/*       •              I  '                 Numtjr  ical  V/^r l/»  • 

2  .  I V  t 

4/2                     I  Displacement  H/l/f 

2  V/D/+ 

4/1                   1  Displacement  H/I/+  - 

2  ,  V/D/+ 

6/5(B)               1  Numerical  Variables  I/+  (<^10),  D/+  (--D.--^ 

2  ■  i/+  (>10)  ,  dA  (--]) 
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TABLK  8/1  (ContO 


Element  Question 
'Numfcier  Group  ; 


.  «/3rA)- 
6/2 

» 


Relevant  Subdivisional,  Conditions 


1 

Straight  line 

segment 

2  ' 

Curve 

Y 

Straight  line 

segment 

2' 

Curve  ' 

1 

Straight,  line 

segment 

2 

'  Curve 
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TABLE  8/2 
i — 


Sample'  Nurhbers  and  Completion  Times 
V^.for  \Aaridation  feograrome  III 

(Victoria) 


Number-  of 
HIGH  SCHOpL'  Students  in 
Sample 


Shortest 
pompletion 
Ti^^^  (mins.) 


Longest 
Ccsf^pl-etioa 
Time  (mins.^ 


Altona  North  20 

"  Collingwo'od  '  14 

Donvale  15 

Essendon  14 
Heidelberg          '  12 

-Kew     !  12 

Lakes|.de  17 

J^f^nash  12 

Moorleigh  18 

Parkdale  37 

Vermpnt  16 

Wavejrley  ^15 


—  ^-V  >  

Meanj  t5qmpleti*bn  Time 

Stantpiard  Deviation 


65 
41 

52 

••-65 

I" 

^58 

57 
76 
57  / 
73' 
70 


13§ 
'll8 
]02 

152/  .  ,3 
119 
1Kb- 
109  , 
105  ' 
117 

114  ./.^ 
142 


63.5 
9.2 


119-4 

I5u9 


I'  A.. 


/ 
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FIGURE  B.l 
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Progression >Rate^  for  Brogramme  III 


.rkdil( 


(Parkddle  High  School) 


50 


if 


UJ  40 


o 
u 

cn 

< 
a. 

u. 
o» 

a: 

«  20 


10 


20 


•40  •   ^  60 
TIME  (IN  MINUTES) 


NOTES  • 


V 
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1.  Circles  indicate  the  mean  number  of  pages  completed  'ai  specified 

,      '  tiines^_  ,  .  .  • .  ' 

.  2.  Vertical' lines  represent  the  appropriate  Standard' D iviation.  ' 

3.  Number  of  students  involved  =  37 .    ,  ^  .  • 
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3*     Results  and  Implications^  5rom  Validation  Procframme  III 

•    The  results  from  Validation  Prograimne  III  were  subjected  to 
the  same  statistical  analysis  as  those  from  Programmes  I  and  II, 
presented  respectively  in  Chapters  VI  and  VII.      The  results  and 
specific  conclusions  derived  from  the  analysis  of  postulated 
hierarchical  connections  are  presented  in  Tables  8/3-8/24,  and 
those  for  the  subsequent  analysir'of  relevant  subdivisional  skills 
are  outlined  in  Tables  8/25-8/29. 

In  statistical  terms  the  most  dramatic  effects  of  the  extended 
numerical  ifange  in  Programme  III  involve  marked  increases  (with 
respect  to  Programme  . I)  in  both  element  difficulty  level  degree 
of  response  inconsistency.      Unfortunately  both  of  these  effects 
combine  to  reduce  the  statis tica^JL  power,  as  explained  in  Chapter  ^ 
VI,'  so  that  m^any  individual  tests  of  hierarchical  dependence 
involved  in  Programme  III  are  rendered  virtually  ineffective  by 
the  frequently  substantial/  and  in  some  cases  almost  total  loss  of 
power.      More  or  less  subjective  decisions  'on  the  validity  of  these 
postulated  connections  have  been  made  in  every  case,  based  on  the 
calculated  critical  number  of  0/2  cell  exceptions  for  each  relevant 
correlation  table,  with  regard  also  given  to  the  difference  between 
this  and  number  of  ob<5erved  exc  eptions. 

/ 

If  this  study  is  considered  in  isolation  as  a  single  validation 
exxjcrimont,  many  of  these  specific  conclusions  on-  the  validity  of 
postulated  hierarchical  ponhections  could  legitimately  be  questioned 
through  the  lack  of  statistical  power,  but  these  decisions  should  al 
bo  considered  m  relation  to  the  correspoDding  tests  for  analogous 
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validation  experiment already  outlined  in  Chapter?^  VI  and  VII,  and 

3 

subsequently  in  Chapters  IX-XI.      Thus  a  pattern  of  general  concurrence 
with  respect  to  particular  hierarchical  connections  may  serve  to 
substantiate  individually  questionable  cfenclusloh^. - 

In  spite  of  tfilfi general  loss  in  staj^istical  power,  the  validatiorf" 
results  for  Programme  III  were  probably  more  consistent  than  those 
for  the  analogous  proaframme  (I)  based  ^n  integral  numbers  alone. 
In-area  1,  for  example,  the  parallel  connections  between 
corresponding  subdi\n.sional  groups  of  elements  1/3  and  1/2  were 
accepted  as  valid  at  the  absolute  Ho  level  for  Programme  III  (see 
Figure  8.2),  but  were  previously  accepted  for  Programme  I   (Figure^ 6,2) 
only  at  weaker  levels.      The  postulated  connections  between  3farious 

*  subdivisional  groups  of  elements  1/2  and  1/1 (A)  were  also  more 
consistently  accepted  as  valid  in  Programme  III  (Figure  8,2),  as  ^ 
were  those  involved  in  areas  2  and  3,  shown  respectively  in  Figures 
8.3  and  8.4.      Results  in  areas  4-6  (see  Figures  8.5-8/7)  were  the  -f 
same  for  both  validation  programmes,  with  all  of  the  postu;Lated 
connections  a9cepted  as  valid  at  the^  absolute  Ho  level. 

^  '      *  ^  '     c  ' 

MSny  of  the  subd ivisional  analysis  results  for  Programme  III 

> 

were  not  directly  comparable  -A/Lth  those  for  the  previous  validation 
programmes,  since  the  required  Horizontal  and  Vertical  co-ordinates 
were  in  this  case  based  on  different  (integral^  and  decimal)  num-erxcal 
systems,  which  were  previously  tested  *  in"  Chapter  IV  and  found  to 
involve  different  subdivisionaL  skills.      The  same,  result,  derjved^ 
from  an  analogous  subdivisional  test  for  element  4/3  in  Pirogramme  III, 

•  is  ^shown  in  Table  8/28 (A).      It  follows  from  this  result  that  the 


difference  reflected  on  numerous  occasions  in  Programme  III  between 

Horizontal  and  Vertical  co-ordinate  subdivisions  .(see  Tables  8/25-8/29) 

aciually  represents  a  ^complex  effect  involving  an  additional  v.ariable 

o^basic^/numerical  range.  •  ^      '  «      ^  ' 

The  other  subdivisional  analysis  results  derived  from  Prograi(une 
•    '  .** 

II]/' ate  generally  consistent  with  those  for  Programmes  I  and  II, 

although  in  this  case  no  statistical  dist^inctidnTs  made  between 

.interpolation  and  extrapolation  skills  (Table ^8/27 (A) ) ,  ot  between 

the  different  cjaestion  groups  defined  and  tested  for  element  2/1  (B) 

(Table  8/27  (B) ) .      In  the  first  of-^  these  c^ses,  however, .the 

postulated  skills  are  both  independently  taught,  so  that' the-lack 

of  subsequent  discrimination  is  not  necessarily  an  indication^of     ^  * 

"^immediate  lateral  transfer  from  one  skill  to  the  other,^  as  suggested 

in  the  definition  of  subdj.visional  skills  outlined  in  Chapter  IV. 

t 

I 

The  results  of  this  analysis  clearly  substantiate^  the  suggestion 
in  section  1  that  although  the  extension  from  integral  to  rational 
'(or  decimal)  numbers  may  ilwolve  more  difficult  ccmputations  (and 
in  fact  requires  a  different  set  of  subdivisional  skills),^  this    •  •  ' 
change  has  no  significant  effect  on  the  basic  hierarchical  structure 
or  sec  ence  of  graphical  interpretation  skills.      It  seems  reasonable 
to  suggest,  therefore,  that  the  potential  generalization  of  these 
interpretatiye  skills  codld  well  be  progressively  extended  at  each 
hierarchical  level  by^ expanding  the  numerical  range  to  the  same 
limits  established  in  other  relevant  curriculum  areas.  This 
suggestion  is  consistent  with  the  current  practice  (discussed  in 
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Chapter  .7*11)  of  generali^tion  through  the  use  of  different 

%  V 

informational  models,  in  that  the  same  systematic  approach  with  <;respect 
to  numerical  range  would  immediately  extend  the  potential  application 
of  each  basic  intellectual  skill.  * 

The  nature  of  informational  model  and  extent  of  numerical 
range  are  both  important  situational  variables  in^ the  learning  of 
graphical  interpretation  skills.      It  has  so  far  been  established, 
however,  that  neither  of  these  variables  has  any  substantial  effect 
on  the  postulated  hierarchical  organisation  of  these  basic  intellectual 
abilities,  although  they  may  in  part  determine  the  degree  of 
potential  generalization  and  relevant  difficulty  levels.  Another 
class  of  variables,  more  personal  in  nature  and  including  various 
characteristics  of  both  cultural  and  curricular  background,  may  Sufso 
influence  the  learning* of  graphical  interpretation  skills,  and  the 
effects  of  these  characteristics  on  the  postulated  learning  hierarchy 
.are  examined  in  the  next  three  chapters  (IX-XI).  \ 
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TABLKS  8/3-8/24 
'  Validation  Results  for  Programme  lll^ 

(Victoria) 

PRELIMINARY  NOTES 

<> 

1.  The  following  tables  present  the  results  for "each  of  the 
postulated -hierarchical  connections  between  basic  and 
subdivisional  skills  incorporated  in  Programme  III,"  These- 
results  are  presented  in  correlation  matrix  fom,  listing  th'e 
number  of  questions  correct  for  each  element,  and  the 
appropriate  marginal  totals.  '  ^ 

2.  •  The  critical  number  of  exceptions  (C)  permitted  in  the  0/2 

s  ,cell  of  the  relevant  correlation  table  is  listed,  together  ^ 

with  the  appropriate  statistical  power,  for  each  of  the  null 
hypothesis 'levels  defined  in  Chapter  VI  (see  pr^iminary  notes 

for  Table3//4-6/25) .  i  ^ 

^   

3.  The  classification  ^code^ f or  each  elemerit  is  outlined  in 
Tables  5/4-5/10,  -and  thfe  relevant  subdivisional  conditions  are 
presented  in  Tables  6/4-6/25  (preliminary  notes) ,  except  that 
each  of.  the  Vertical  co-ordinates  involved  in  Programme  III  is 
based  on  a  decimal,  rather  than  an  integral  number  scale. 

4»     Element  6/3  (C)   (not  previously  defined  in  Chapter  V)-  involves 
V  ,  ^'^^  skill  of  counting  squares  on  a  two-dimensional  grid.'  ■ 
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ERIC 


TABLE  B/3 


(A) 

ELEMENT 

1/3-H  *' 


ELEMENT  l/2-H 


0' 

1 

2 

T 

78 

21 

92 

191 

1 

3 

,  2 

0 

5 

0 

3 

2 

1 

6 

T 

84 

25 

93 

202 

Ho 

c 

Power 

0.00 

2 

0,9949 

0.01 

5 

0,8942 

0.02 

7 

0,6903 

282 


CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level. 


(B) 


ELEMENT 

1/3 -V 


ELEMENT  1/2-v 


.0 

1 

2 

,  T 

34 

16 

62 

112 

Ho 

'c 

Power 

.  38 

6 

14 

58 

0.00 

11 

0.3654 

28 

4 

0 

32 

0.01 

,12 

0.:25,89 

100 

26 

76 

202 

0.02 

13* 

0-1731 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
,  the  absolute, Ho «level/ Although  the  power  is  particularly  low.' 


(Q 


ELEMENT 
1/2-v 


ELEMENT  i/i(b)-v/s 
0        1      2      T  . 


15 


13 


78 


T  106 


13 


12 


30 


48 


10 


66  202 


76 


26 


100 


Ho 

c 

Powek 

0.00 

9 

0.4172 

0.01 

11 

0.1959- 

0. 02 

r 

12 

0.1217 

CONCLUSION  The  postulated  connection  i%  accepted  as  valid  at 
the  .socond   (0.01)  "o^^evel,  although  the  power  at  this  level  is 
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TABLE  8/4 


^  ^:  283. 


(A) 

ELE/^EMT 

1/1 (A)-H/S 

• 

• 

0 

1 

2 

T\ 

•                           .  2 
'ELEMENT 

.1/1(B)-V/S 

22 

\  2 

42 

66 

Ho 

c . 

Power 

-A. 

'^12 

MB 

0 

30  * 

Q 

0.00  , 

8 

0,1469 

0 

103 

3 

0 

106 

0.01 

8 

0,1469 

T 

137 

23 

42 

202 

0.02 

9 

0*0790 

CONCLUSION  The  postulated*  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  extremely  low. 


(B) 


ELEMENT 

1/2-v. 


ELEMENT  -V1(a)-h/s 


2 
1 
0 
T 


0^ 

1 

2 

T 

32 

11 

33 

76 

Ho 

C 

Power 

18 

3 

5 

26  / 

0.00 

6 

0.3068 

87 

9 

4 

100 

0.01 

7 

0.1832 

137 

23 

42 

202 

0.02 

8 

0.0995 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  particularly  low. 


ERIC 


(C) 


ELEMENT 
1/2-H 


ELEMENt  i/i(A)-H/s 


2 

1 

T 


0 

1 

.2 

T 

48  v 

^3 

18 

5 

25 

71 

7 

.6 

84 

137 

23 

42 

202 

0 


Ho 

c 

POWPR 

0.00  ■ 

5 

0.4014 

0.01 

6 

0.2405 

0.02 

7 

0.1411 

accepted  as  valid  at 

tho  .second  (0.01)  Ho  level,  although  the  power  at  this  level  in 


1, 

-  K 

,  1 

• 

TABLE  8/5 

^  -284*^ 

.  (A) 

ELEMENT 

1/1(B)-H/S 

0 

1 

2. 

T 

ELEMENT- 
1/2-H 

2 

/35 

8 

50 

93 

* 

■  .  .Ho 

:  G 

Power 

*  • 

t 

1 

15 

2 

.  8 

25 

0.00 

6- 

0.6685 

'rj.' 

0 

71 

3 

10 

84 

0.01 

7 

0.5267 

9 

T 

121 

13 

68 

202 

.  0.02 

9 

0.2582 

CONCLUSION 

The  postulated  connection 

is  rejected  as  invalid  at 

t  ^ 

all  three 

specified  Ho 

levels. 

A 

(B)  ' 

ELEMENT 

1/1 (A)-V/S 

0 

1 

2 

T 

• 

f 

ELEMENT 

.1/1(B)-H/S 

2 

14 

8 

46 

68 

Ho 

Q 

Power 

1 

6 

0 

13 

0.00 

4 

3.59*^5 

•0 

120 

1 

0 

121 

-  0.01. 

6 

0.2669^ 

T 

140 

1'6 

46 

202 

0.02  " 

7 

0.1531 

 . 

'  CONtLUSION 

The  postulated  connection 

is  accepted  as 

valid  at 

1 

the  absolute  Ho  level. 

although  the  power  is  particularly  low. 

\ 

W 

♦ 

(C) 

1 

ELEMENT 

1/1(A)-V/S 

0 

0 

1 

2 

T 

ELEMENT 

2 

46 

12 

35 

93 

y 

Ho 

C 

Power 

1/2-H 

1 

18 

2 

5 

25 

0.00 

C   -i 

5 

0.4478 

0 

•  2 

6 

84 

0.01 

6 

0.2918 

c 

T 

140 

16 

46 

202 

0.02 

7 

0.1710 

CONCLUSION 

The  postulated 

connection-  is  accepted,  as  valid  at 

the  second 

(b. 

01)  Ho  level,  although  the 

power  at  this  level  is 

•ERLC 

Gxtr<'moly  low. 

* 

t 

(A) 


»  ELEMENT 

4 

1/2-V 


'    .  TABLE  8/6 

ELEMENT  .i>.i(a)-v/s 


.285 


,2 
L 
0 
t 


0 

1 

2-  " 

T  • 

V 

:.3i 

34 

76 

Ho 

c 

Power.. 

-  17' 

•  2 

*  '7':. 

'.•26 

o-.oo 

6-^ 

0.3458 

92 

3 

• 

•  5 

100  ' 

0.01 

7 

q.2a4r 

140 

16 

46 

202 

0.02 

8 

0.1208 

CONCLUSION  The  postulated  connection  is  accepted  as  valid,  at 
the  absolute  Ho  level,  although  the  power  is  particularly  low. 


.(B) 


ELEMENT 
'  1/2-V 


ELEMENT  l/l(B)-v/c 


•  *  -  .  * 

CONCLUSION  The^posttllated  Connection  is  rejectedras  invalid  at, 
all  three  specified       levels^  • 


(C) 


ELEMENT  1/1(a)-h/c 


ELEMENT 

1/1{B)-V/C 


0 

1 

2 

T 

29 

5 

52 

86 

Ho 

c' 

Power 

■  14 

13 

0 

27 

0.00 

6 

0.4639 

86' 

3 

0 

89 

0.01^ 

•  7 

0.3160 

129 

21 

52 

202 

0.  02 

9 

0.1134 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  particularly  low. 


*4  • 


0 

1 

2 

T 

0 

10 

10 

56. 

76  . 

.  ^  Ho 

c 

Power 

9 

3 

14 

26 

•   •,  0,00 

11 

Q;4902 

14 

16 

100 

-  0.01 

12  . 

0,3733 

• 

89 

•  27 

86 

202 

13' 

0.2695 
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TABLE  8/7 


(A) 


ELEMEMJ  i/i(A)-H/c  • 
*  0  *. '  1  '  ■  2  T 


ELEMENT 
■1/2-Y  • 

2. 

^27 

.  i2 

37 

76 

.  Ho 

c 

Pdwer 

1 

13 

4 

9 

•  \  V 

26 

0,t)0 

7 

0.345? 

•Q 

89 

■/  = 

.  6 

100 

-  0.01' 

8 

0*2211 

T 

•21 

.62 

202 

0.02 

9 

0>i303 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although ^the  power  is  particularly  low. 

F.LeMENT  1/i(A)-h/c^         ,  • 


(B) 


ELEMENT 

1/2-H  • 


42. 

'  14 

37 

93 

Ho  ■ 

C 

Power 

.  14  ' 

'3 

25  " 

jCOD 

6 

0.'4269 

73 

4 

84 

0.01' 

0.2828 

129 

21 

52- 

202 

0.02' 

8 

0.1714 

CONCLJSION  The  postu^ited  connection  is  accepted  as  valid  at 
the  second  (O.Oi)  Ho  level,  al^hoMgh  the  power  at  this  level  is 
extremely  low. 


(C) 

ELEMENT  ♦ 

1/2-H 


.ELEMENT  ,  1/i(b)-h/c 


0 

1 

2 

T 

33 

3 

57 

93 

''Ha 

c 

Power 

13 

^  1 

11 

25 

0..0  0 

6 

3.8039 

70 

2 

12 

84 

0.(J1 

8 

3.5540 

116 

6 

80 

202  ' 

0.02 

9 

0.41^3 

CONCLUSION  The  postulated  connection  is  rejected  as  invalid  at 
all  three  specified. Ho  levels. 


2.98 


9 


TABLE  .8/8 


(A) 


ELEMENJ  ^ 

1/1 (B)-H/C 

.  0 
T 


ELEMENT  1/1(A)-v/c. 


0 

* 

1 

.  2 

I 

1 

15 

•  7 

58 

80 

■       \  Ho 

C 

Power 

.  4" 

2 

0^ 

6 

0.00 

3 

0.8571 

•113. 

•  3 

....  , 
»  0 

13,6 

0.01 

5 

0.5647 

132 

12 

58 

202 

0.02 

6 

0.4016 

CONCLUSION  The  postulated  connection- is  accepted  as  valid- at 
the  absolute  Ho  level,  although  the  'power -is  fela'tively  low-. 


(B) 


e„lement 

1/2-H 


ELEMENT  i/i(a)-v/c 


"  2 
1 
0 

T 


0' 

-  1 

2 

T 

42 

7 

44 

93 

•    Ho  . 

c 

Power 

,15 

2 

8 

25 

■-  ,  0.00* 

5 

0,6561. 

a 

75' 

3 

6 

84 

0.  01 ' 

'  7 

0.3482 

132 

'  12 

58 

202 

0.02 

8 

0.2236 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at,., 
the  second  (0.01)  Ho  level,  although  the -pow'er  at  this  level  is  ' 
particularly  low.  ,  .      •  » 

^  *  *  • 

(C) 


element  i/1(a)-v/c 


element 

1/2-V 


0 

1 

2" 

T 

2- 

.  26 

6 

44 

76  , 

Ho  • 

c- 

Power 

1 

14 

3 

9 

26 

0.00 

6 

0.5616 

0 

92 

3 

5 

106 

0.01 

8 

0.2762 

T 

132 

12 

^^8 

202  • 

0.  02 

9 

0.1718 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho. level,  although  the  power  is  particularly  low.  ■ 


CA) 


ELEMENT 
1/1  (A.)-H/S 


TABLE  8/9 


ELEMENT  2/1(a)-h/p 


0 

I 

T 

.7 

12 

23 

42 

ft' 

Ho. 

c 

Power 

10 

7 

*  6 

23 

0.00 

14^" 
\  - 

0,d254*- 

99 

,30 

8' 

137 

0.01 

15 

0-0124, 

•216 

49 

37 

202 

0.02 

15  . 

*  <• 

0,0124 

CONCLUSION  postulated  connection  is  accepted    s  valid  at 

the  abs^olute  Ho  4evel,  although  the  powfer  is  extremely  low. 


(B) 


element 

1/1(B)-V/S 


ELEfl^ENT  2/i(A)-H/p 


0 

1 

2 

T  ' 

2 

19 

20 

27 

66 

Ho 

C 

Power 

1 

16 

7 

7 

30 

.  0.00 

12 

0.0319 

0 

81 

22 

3 

iSl" 

Q.  01 

12 

0.0319 

T 

116 

•  49 

37 

202 

0.02 

13 

0.0152 

•CONCL^SION  The  postulated  connectidn  is  accepted  as  valid  at 
the  Absolute  Ho  l^el,  although^  the  power  is  extremeli  low.'  . 


(C) 


.ELEMENT 

l/MA)-H/s 


ELEMENT  2/1(b)-h/s 


0 

1 

2 

T 

2 

7 

14 

21 

42 

Ho 

c' 

Power  . 

I 

11 

5 

7 

,  23 

0.00 

10 

0.054S, 

p 

116 

13 

8 

137 

0.01 

10 

0.0549 

T 

134 

?2 

36 

202  , 

0.  02 

11 
— »— 

V 

0.0265 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
nhe  absolute  Ho  level,  although  the  power  is  extremely  low. 


GOO 


(A) 


ELEMENT 

1/1(B)-V/S 


TABLE  8/10 

ELEMENT  2/1(b)-h/s 


0 

I 

2 

T 

23 

17 

26 

66 

18 

5' 

7 

30' 

93 

10 

3 

106 

134 

32 

36 

202 

Ho"  " 

c 

Power 

0.00 

8 

p.ll2q 

0.01 

9 

0.0574 

0.02 

10 

0.0268 

/ 


\ 


CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the\ower  is  extremely  low. 


\ 


(B) 


ELEMENT^  2/1(b)-h/p 


1 

T 

2 

13. 

,.19 

42 

Ho 

c 

Power 

ELEMENT 

l/lU)-H/S 

1 

4 

7 

23  . 

o.oo"' 

^  9 
.-.  -  s. 

0.0676 

0 

118 

10 

9 

137 

o.ox 

/ 

9 

0.0676 

T 

140 

27 

35 

202 

/ 

p  .  0  .2 

10 

0.0325 

CONCLUSION*  The  postulated  connection  is  accepted  as^  valid  at 
the  absolute  Ho  level,  although  the  power  is  extremely  low. 


(0 


element 

1/1(B)-V/S 


ELEMENT  2/1(B)-h/p 


0 

1 

T  / 

V 

Power- 

27 

15 

24 

66/ 

''Ho 

c 

20 

3 

7 

30 

0.00 

8 

0.0790 

93 

9 

4 

106 

0.01 

8 

0.0790  , 

140 

27 

35 

202 

0.02 

9 

0.0374 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at' 
the  absolute  Ho  level,  although  the  power  is  extremely  low. 

■  801 


(A) 

'ELEMENT 
1/2-v 


TABLE  8/11 

ELEMENT  '3/2 (A) -Max  ' 


0 

1 

2 

T 

30 

.  45 

86 

15 

9 

3 

27 

61 

10 

18 

89 

87  ^ 

49 

66 

202 

9 

nu 

* 

r 

lUnhK 

0.00 

14 

0.1294 

A     A  1 

0.01 

15 

0.0792  • 

0.02 



i^5 

0.6792'' 
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CONCLUSION  The  postulated  connection  is  rejected  as  invalid  at 
all  three  specified  Ho  levels. 


(B) 


ELEMENT    3/2  (A) -Max 


0 

1 

2 

T 

2 

5 

i9 

36 

60 

Ho 

r 

Power 

ELEMENT  ^ 

1/1(A)-V/C 

9 

9 

13, 

31 

0.00 

17 

0.1087 

0 

p 

73 

21" 

17 

111 

'  d.oi 

18 

0.0679 

T 

87 

49 

66 

202 

0.02 

19 

0.0404 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  extremely  low. 


(C) 

ELEMENT 

1/2-v 


ELEMENT  .3/2(A)-Min 


0 

1 

2 

T 

17 

16 

53 

'  86 

Ho 

c 

Power 

21 

2 

4 

27' 

0.00 

10 

0.4179 

58 

13 

18 

89 

0.01 

11 

0.3011 

96 

31 

75 

'202 

0.02 

12 

0.2043 

CONCLUSION  The  postulated  connection  is  rejected  as  invalid  at 
all  three  specified  Ho  levels. 


(A) 


ELEMENT. 

1/1 (A)-V/C 


,  TABLE  8/12 
EUEMEMT      3/2(A)-Min  ' 


0 

1 

2. 

T 

7 

10 

43 

60 

Ho 

I 

Power 

10 

4 

17 

31 

0.00 

13 

0.3099, 

79 

.  17 

15 

111 

0.01 

15 

0.1454 

96 

31 

75 

202 

0.02 

16 

0.0921- 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  second  (6.01)  Ho  level,  although  the  power  at  this  level  is 
extremely  low. 


(S)  . 

ELEMENT 

3/1 

0 

1 

2 

T 

2 

•  53 

56'" 

49 

158 

Ho 

c  , 

Power 

ELEMENT 

3/2  (B) 

1 

5 

3 

.2- 

-  vlO 

0/00 

9 

0.1147 

0 

25 

7 

2 

34 

0.01 

10 

0.0609 

T 

83 

66 

53 

202 

'  0.02 

11 

0.0299 

CONCLUSION  Theu  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  extremely  low: 


(C) 

ELEMENT 

3/2 (A) -Max 


ELEMENT  3/1 


0 

1 

2 

T 

2 

18 

17 

31 

66 

Ho 

c 

Power 

1 

14 

22 

13 

49 

0.00 

20 

0.0231 

0 

51 

27 

9 

87 

0.01 

21 

0.0102 

T 

83 

66 

53 

202 

0.  02 

21 

0.0102 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  extremely  low. 


TABLE  8/11, 


(A) 


ELEMENT 

3/-2(A)-Min 


E.LEMEr»T 

3/1 

0 

1  - 

2 

T 

22 

22 

31 

75 

9 

12 

10 

31 

52 

"  32 

-  12 

96 

«83^ 

66 

53 

202 

Hp  , 

Power- 

0.00 

.19 

0.0245 

20 

o:bi32 

0.02 

20 

0.0132 

CONCLUSION  The  postulated  connection  is^a^ccepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  extremely  low. 


(B) 


ELEMENT 

1/2-V 


ELEMENT    1/2-v  (Retest) 


0 

1 

2 

T 

15 

7 

54 

76 

Ho 

C 

Power 

9 

4 

la 

26 

0.00 

11 

D.4902 

65 

16 

19 

.100 

0. 01 

12 

3.3733 

89 

27 

86 

202- 

0.02 

13 

D.2695' 

CONCLUSION   This  skill  was  acquired  by  a  significant  proportion 
of  students  in  the  process  of  attempting  more  conplex  capabilities 


(C) 


Element 

1/1 {A)-V 


ELEMENT    1/1{a)-V  (Retest 


0 

1 

2 

T 

2 

7 

10 

41 

58 

Ho 

c 

Power 

1 

2 

7 

3 

12 

0.00 

9 

0.2972 

0 

102 

14 

16 

132 

0.01 

10 

0.1932 

T 

111 

31- 

60 

202 

0.  02 

11 

0.1170  , 

Lon 


CONCLUSION     Thic  .skill  was  acquired  by  a  siqnificant  proportic 
of  Htudonts  in  the  process  of  attempting  more  complex  capabilities. 


(A) 


ELEMENT 

4/3-1 


TABLE  8/14 

ELEMENT  4/2-H 


0 

1 

2 

T 

35 

7 

151 

193  ,  * 

Ho 

c 

Power 

3 

0 

4 

7 

0.00 

2 

1.0000 

2 

0 

0 

2 

0,01 

7 

0'.9885 

40 

7 

155 

202 

0.02 

10 

0.9097 

CONCLUSION     The  postulated  connection  is  accepted  as  valid  at 
the  absoj-ute  Ho  level /although  the, power  is  unrealistically  high. 


(B) 

ELEMENT 
4/3-D 


ELEMENT  4/2-v 


0 

1 

2 

T 

52 

17 

101 

170 

Ho 

'C 

Power 

11 

2 

5 

.  18 

0.00 

4 

0.9853 

12 

1 

1 

.  14 

0.01 

7 

0.8541 

75 

20 

107 

202 

0.02 

9 

0.6489 

CONCLUSION,^  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level. 


(C) 

element 

1/3-H 


ELEMENT  4/2-h 


0 

1 

2 

T 

33 

7 

152 

192 

1 

0 

2 

3 

6 

0 

1 

7 

40 

7 

155. 

202 

Ho 

>• 

c 

Power 

'  0.00 

2 

1.0000 

0.01 

7 

0.9885 

0.02 

10 

0.9095 

CONCLUSION    The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level. 


TABLE  8/15 

J 

* 

294 

.  V..-  !5 

* 

.  ^  (A) 

ELEMENT 
0  1 

4/2-V 
2  T 

- 

ELEMENT' 

1/3-V 

2 

19 

16 

92 

127 

Ho 

Power 

1 

26 

3 

.  .15- 

46 

o.od 

*  9 

0,^447 

- 

0 

28 

•  1 

.  0 

2^     *  "0.01 

11 

0.6564 

T 

V 

75 

20 

107 

2Q2 

0.02 

13 

0*4500 

COMCLUSION 

the  absolute 

■    \                        '  . 
The  postulated  connection  is  accepted  as 
Ho  level,  although  the  power,  is  relatively 

valid  at 
low. 

- 

(B) 

ELEMENT 
0  1 

4/1- 
2 

H          '  \ 

T 

ELEMENT 

4/2-H 

2 

50 

47 

58 

155 

Ho 

c 

Power 

1 

•  5 

2 

0' 

7 

\0.00 

0.4968^ 

0 

36 

'  .  2 

2 

40 

0.01 

9 

0.1629 

T 

91 

51 

.60 

202 

■0.02 

10 

0.0927 

.  CONCLUSION   The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  particularly  low. 

(C) 

ELEMENT 

0  '  1 

4/1-V 
2  T 

- 

ELEMENT. 
4/2-v 

2 

29 

26 

52 

107  ' 

•  Ho 

c 

Power 

1 

10 

6 

4 

20 

,  -0.00 

9 

0.2695  . 

0 

62 

11 

2 

75 

0.01 

10 

3.1634 

T 

101 

43- 

58 

202 

0.  02 

11  1 

3.0^57 

ERLC 

CONCLUSION     q^he  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the' power  is  extremely  low)? 

306  ■. 

k 

(A)  . 


■   TABLP  .8/16 

ELEMENT  4/i-H     . . 


-  295 


ELEMENT 
1/2-H 


0 

■1 

2 

T  , 

8. 

29 

49 

86 

Ho 

.C- 

Power 

5 

6 

.  6 

17 

o.op 

13 

0.1405 

78 

16 

5 

99 

0.01" 

14 

0.0856 

91 

51 

■6.0 

.202 

0.02 

15 

0.0492 

CONCLUSION  The  postulated^' connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power' is  extremely  low* 


(B) 


ELEMENT 

1/2-V 


ELEMENT  4/l-v 


0 

1 

2 

T 

2 

13 

17 

52 

/,82 

Hq 

C 

Power 

1 

5 

8 

3 

o.oo' 

li 

0.1688 

0 

83 

18 

3i 

104 

o.di 

12 

0.1020 

T 

101 

43 

/ 

58 

202 

0.02 

13 

0.0577 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  ievel,^  although  the  power  is  extremely  low. 


(C) 

ELEMENT 

5/4 (A) 


ELEMENT   5/3  (A) 


0  , 

1 

2 

T 

2 

8 

3 

47  " 

58 

Ho 

C 

POWER 

1 

4 

2 

3 

9 

0.00 

7 

0.3708 

0 

109 

.  22 

4 

135 

0.01 

8 

0.2425 

T 

121 

27 

54 

202 

o.-a2_ 

— 9- 

Orl-46-1— 

CONCLUSION  The  postulated  connoctibn  is  accepted,  as  valid  at 
the  absolute  Ho  level,  although  the -power  is  particularly  low. 


807 


(A) 


ELEMENT 
5/3  (A) 


■'      -  TABLE  8/17 

ELEMENT    5/2  (A) 


296 


2 
1 
0 
T 


0 

1 

2 

T 

36 

11 

7, 

54 

Ho 

C 

Power 

22 

5 

0 

27 

0.00 

6 

0.0038 

102 

18 

1 

121 

0.01 

6 

0.0038 

160- 

34 

8 

202 

o:-02- 

6  . 

0-.0038 

CONCLUSION  The  postulated  connedtion  is  accepted  as  vaiid  at 
the  absolGte  Ho  level,  although  the  power  is  extremely  low; 


(B) 


.ELEMENT 

4/l-H 


ELEMENT  5/2  (a) 


0 

1 

2 

T  , 

55  . 

20 

6 

•  81 

Ho 

c 

Power 

8 

3 

1 

12 

0.00 

5  ' 

0.0065 

Ir?^ 

-  I-l  - 

109 

O.Ol 

6 

.0.0015 

160 

34 

8 

202 

0.-02 

6 

0.0015 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  extremely  low. 


ERIC 


(C) 


ELEMENT 

4/i-v 


ELEMENT  5/2  (A) 


0 

1 

.  2 

T 

2 

42 

15 

5 

62 

Ho 

G 

Power. 

1 

20 

7 

3 

30 

0.00. 

6 

0.0027 

0 

98 

.  12 

0 

110 

'  0.01 

6 

0.0027 

T 

160 

34 

8 

202 

0.02 

6 

0.0027' 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  extremely  low. 


808. 


TABLE  8/18 


(A) 


ELEMENT 
5/3 (B) 


ELEMENT,  5/2 (b) 


0. 

1 

2 

T 

- 

35 

6 

58 

99 

Ho 

Power 

8 

2 

3 

13 

0.00 

•  3 

0.8866 

87 

•■'3 

'0* 

90 

0.01 

5 

0.6230 

130 

11 

61. 

202 

0.02 

7  • 

0.3145 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the -absolute" Ho  level,  although  the  power  is  relatively  low. 

•«  •  ''  ' 


(B) 


ELEMENT 

1/1(B)-H/C 


ELEMENT   5/2  (b) 


0 

1, 

2 

T  ' 

39 

4 

49 

92  » 

Ho 

c 

Power. 

10 

2 

9« 

21 

0.00 

5 

0.6753 

81 

5 

3 

89 

0.01 

6 

0.5200 

130 

11 

'61 

202 

0.02 

8  ■= 

0.2409 

C0N/:LUSI0N.  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  relatively  low. 


(C) 


ELEMENT 

5/2 (B) 


ELEMENT  5/1 


0 

1 

2 

T 

2 

39 

■16 

6 

61 

Ho  " 

C 

Power 

1 

Id 

1 

0 

11 

0.00 

4 

0.0045 

0 

124 

6 

0 

130 

0.01 

4 

0.0045 

T 

173 

23 

6 

202 

0.02 

4 

0.0045 

C0N€j_USI0N  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  extremely  low. 


•I 


TABLE  8/19 


(A) 


ELEMEMT  5/1 


(h 

1 

2 

T 

* 

» 

ELEMENT 

2 

■  1 

4. 

C> 

11 

Ho  . 

C 

Power 

1 

2 

5 

0- 

7 

0.00" 

"  5 

0.0044 

5/2 (A) 

0 

170 

14 

6 

184 

*  G.Ol 

5 

0.0044 

T 

.173 

23. 

6. 

.202  . 

0 . 02 

6 

0.0009 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  extremely  low. 


(B)- 


ELEHtNT 

4/l-H 


ELEMENT    4/1-H  (Retest) 
0.12  T 


2 

"  7, 
 J 

4 

49 

60 

Ho 

C 

Power 

1 

.  17 

5 

29 

51 

0.00 

« 

17 

0.2218 

0 

85 

3 

3 

91. 

0.01 

18 

0.1539 

T 

109 

12 

81 

202 

0.02 

19 

0.1021 

CONCLUSION     This  skill  was  not  acquired  by  any  significant 
proportion  of  students  in  the  process  of  attempting  more  complex 
capabilities. 


(C) 

ELEMENT 
4/1-v 


ELEMENT    4/l-v  (RetesJb) 


0 

1 

2 

T 

5 

13 

40 

58 

Ho 

C 

Power 

15 

11 

17 

43 

0.00 

14 

0 . 1588 

90 

6 

5 

101. 

0.01 

15 

0.1005 

110 

30 

62 

202 

0.  02 

16 

0.0602 

CONCLUSION    This  skill  was  not  acquired  by  any  significant 
proportion  of  students  in  the  process  of*  attempting  more  complex 

810 


capabilities. 


(A) 


ELEMENT 

5/2  (A) 
.  8 


TABLE  8/20 
ELEMENT    5/2 (A)  (retest) 


-  299 


0 

1 

2 

T 

2 

0 

6 

8 

'  Ho 

c 

Power 

25 

I  4 

5 

34 

0.00 

13 

0.0020 

157 

3 

0 

160 

^  0.01 

13 

0*o620 

184 

7 

11 

202 

0.02 

0.0007 

CONCLUSION    This  ski>l  was  not  acquired'  by  any  significant 
proportion  of  students  in  the  process  of  attempting  more  complex 
capabilities. 


(B) 


ELEMENT   6/4  (b) 


0 

1 

2 

T 

ELEMENT 

6/5(8) 

2 

25 

7 

104 

r 

136 

Ho 

c 

Power 

1 

6 

1 

8 

15  , 

0.00 

4 

0.9937 

0 

44 

3. 

4 

51 

o.pi 

7 

0.9182  ' 

T 

75 

11 

116,. 

202 

0.02 

9 

0.7680 

CONCLUSI^ON  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level.  <.  * 


ERIC 


(C) 


ELEMENT 
6/4 (B) 


ELEMENT    6/3  (b) 


0 

1 

2 

T 

2 

'  31 

11 

"  74 

116  .. 

Ho. 

c 

Power 

1 

3 

2 

.6 

11 

O'.OO 

6 

0.8365 

0 

58 

12 

5 

•  75  ■ 

0.01 

8 

0.6045 

T 

92 

.  25 

85 

202' 

0.02 

9 

0.4711 

CONCLUSION  The.  postulated  connection  Ms -accepted  as  valid  at 
the  ab.soluto  Ho  level,  although  the  poWer  is  relatively  low. 


(A) 


TABLE  8/21 

ELEMENT  6/2-s 


0 

1 

2 

T  , 

ELEMENT 

1 

6/3 (B) 

18 

23. 

^27 

68^ 

Ho 

C 

Power 

21 

.5 

26 

0.00 

7 

q.  0496 

,  0 

A07 

1 

0 

108 

O.Oi 

'7 

0.0496 

T 

146, 

29 

27 

202 

0.02 

"^8 

0.0203 

CONCLUSION  The  postulated  connection  is  accepted  Is  v'alid  at 
the  absolute  Ho  level,  although  the  power  is  extremely  low. 


(B) 


ELEMENT 

6/3 (A)-S 


ELEMENT  6/2-s 


0". 

1 

2 

T 

44 

14 

27 

85 

Ho 

c 

V 

Power 

'25 

'  15 

0 

40 

0.00 

7 

0.0489 

77 

0 

b 

77 

0.01 

7 

0.0489 

146 

29 

27 

202 

0.02 

8 

0.0199 

CONCLUSION  The  postulated  connection  "is  accepted  as  valid  at 
thd  absolute  Ho  level,  although  the  power  is  extremely ^ low. 


(C) 


ELEMENT  6/2-5 


0 

1 

2 

T 

,  2 
ELEMENT 

C'/5{U) 

23 

23 

95. 

Ho^" 

C 

Power 

7  Z 

22 

1 

4 

27 

0.00 

5 

0.1461^ 

0 

0 

75 

5 

0 

80 

0.01 

I 

T 

146 

29 

27 

202 

.^7 

0.0271 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  extremely  low. 


812 


• 

- 

-TABLE  8/22 

301 , ' 

- 

(A) 

Element 

0  1 

6/2-C 
2  T 

• 

- 

2 

ELEMENT  ^ 

6/3 (B) 

0 

35 

14 

34 

83 

Ho 

c 

Power 

13 

2' 

0. 

15 

O.OOc 

"  4 

0^  3405 

103 

1 

0 

104 

.  «.0I 

5 

0.1894 

\ 

T 

"151 

17 

34 

202 

6.02 

6' 

0.0931 

V 

CONCLUSION   The  postulated  connection  is  accepted ^as  valid  at 
the  absolute  Ho  level,  although  the  power  is  particularly  low. 

> 

"  <B)      .  : 

ELEMENT 

0  1" 

* 

.6/2-C 
2  ,  T 

2 

35 

•  12 

34 

81 

Ho 

c 

Power 

ELEMENT  '  ^ 

6/3 (A) -C 

0 

.  12- 

4 

0 

16  , 

6.00 

,  4 

0.3483 

» 

104 

'1 

0 

"105 

0.01, 

-.  5 

0.1952 

\ 

151 

17 

34 

.202' 

0.02 

■  .6 

0.0969 

■x:ONCLUSION 

the  edjsolute 

0 

The  postulated  connection  is 
Ho  level,  although  the  power 

acceptefd  as  valid  at 
is  particularly  low. 

• 

* 

(C) 

# 

ELEMENT 
0  1 

6/2- 
2 

C 

T 

.  1 

2 

ELEMENT 

1 

6/5 (B) 

.0 

52 

11 

32 

95 

'  Ho 

c 

Power 

9  • 

0 

<• 

21 

4 

2 

27' 

0.00  . 

5  ■ 

0.*2189 

78 

2 

0 

80 

0.01 

< 

5 

O.2I89 

T 

151 

17 

34 

202 

0.02 

6 

0.1123 

• 

- 

CONCLUSION 

the  absolute 

The  postulated  connection  is 
Ho  level,  although  the  power 

V 

accepted  as  valid  at 
is- extremely  low. 

o 

ERIC 

* 

..  810 

*• 

4 

% 

TABLE  8/23 


(A) 


ELEMENT 

6/2-s 


ELEMENT  6/i-H/s 


0 

1 

2 

T 

7 

.  12 

27 

18 

6 

5, 

-  '29 

143 

2 

.1 

146 

169 

20 

14 

202 

* 

i 

Ho 

t 

c 

Power 

0.00 

8 

0,0060 

0.01 

8 

0,0060 

0.02 

8 

q:oo6o 

CONCLUSION  The  postulated  connection  is  accep^,ed'^s  valid-  at 
the  absolute  Ho  level  #  although  the  power  is  extrjepely  Iqw,  ' 


(B). 


ELEMENT 

6/2-C 


ELEMENT  j6/i-h/c 


0 

r 

2 

"T 

2 

13 

5 

16 

34 

Ho 

c 

Power 

1 

11 

1 

5 

.  17 

0.00 

5 

> 

0^0999 

0 

143 

7 

1 

151  ? 

0.01 

6 

0,0412 

T 

167 

13 

22. 

202 

0.02 

i  — 

7 

0,0151 

1  — 

CONCLUSION  The  postulated  connection  Is  accept-od  as  valid  at 
.the  absolute  Ho  level,  although  the  power  is  extremely  low. 


(C) 


ELEMENT 

1/1{b')-h/s 


ELEMENT  6/i-h/S. 


0- 

i 

2 

T 

89 

13 

120 

Ho 

c 

Power 

^35 

0 

37, 

0,00- 

■  3 

0.0912 

44 

0 

1' 

45 

0.01 

4 

0.0286 

168 

20 

14 

202 

0.02 

4 

0.0286 

CONCLUSION  .The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  .powex"  is  extremely  low. 
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TABLE  8/24 


(A) 

ELEMEMT 

6/l-H£C 

0 

.1 

2 

T 

2 

ELEMENT 

■l/l{B)-H/C 

.    .  0 

-116 

12 

22 

150 

Ho 

c , 

Power 

15 

0 

0 

15 

0.00 

2 

0,3958 

36 

1 

0 

37 

0.  01 

3 

0,1933 

T 

167 

13 

s 
22 

'  202 

0.02 

4 

0,0789  ' 

/ 


CONCLUSION  postulated  connection  is  accepted  as  valid  at 

tHe  absolut"e  Ho  level,  although  the  power  is  particularly  low. 


ELEMfeNT 

6/3  (C) 


ELEMENT 

.6/2- 

3 

0*: 

1 

2 

T 

2 

37  • 

12 

2.7 

76 

-  Ho 

c 

Power 

1 

31 

17  ' 

,0 

48 

0.  00 

8 

0.0378 

0 

79 

0 

0 

'  78 

0 .  01 

.8 

0.03r78 

T 

146 

29 

27 

202 

0.02' 

9 

6:0 156 

CONCLUSION  'The  postulated  cbnpectipn  is 
the  absolute  Ho  level,  although  the  power 


accepted  as  valid  at 
is  extremely  Jow. 


'(C) 


ELEMENT 

6/3 (C). 


ELEMENT  6/2-c 


0 

1  . 

.  2 

T 

31 

"12 

34 

77  , 

c 

Ho'  , 

c 

Power 

"«i  - 
16 

"  5 

0 

21 

0.00 

5- 

0.2246 

104 

0 

0 

•  0.01 

6 

0.1161 

isr 

17  ^ 

202  , 

0. 02 

6 

0.1161 

^The  postulated  connection  is 

a"ccepted 

as  valid  at 

the  absolute  Ho  leyel,  although  the  power  is  extremely  low.. 


TABLES  8/25-8/29 
Subdivisional  Analysis  JResults  for  Programme  III 
(Victoria)  ^ 
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PRELIMINARY  NOTES 

!•    The  following  results  are  presented  i n^corxedation-matffuSrifom , 

,   listiTig^^th^^  correct  for  each  element,  and 
 ; — the  appropriate  marginal  totals • 

2.    The  classification  code- for  each  element  is  outlined  in  Tables 


5/4-5/10,  and  a  li«t  of  the  relevant  subdivisional  question 
groups  IS  presented  in  Table  8/1, 

3,  P  represents  the  combined  probability  that  the  observed  number 
of  students  in  the  0/2  and  ^O^ells  could  have  occurred  through 
chance  (or  errors  of  measurement)  under  the  null  hypothesis 

*  that  no-one  can  possess  only  one  of  »the  relevant  subdivisional 
skills  without  alsq^  having  the  other.  ^* 

4.  The  H/V  co-ordinate  analysis  for  element  1/2  (Retest)  is  replaced 
in  this  case  by  a  test  of  integi^al/decimal  difference  for 
element  4/3,  presented  in  Table  8/28(A).      The  retest  result?  ^ 
for  elment  1/2  were  consistent  with  those  for  the  original  H/V 
test. 


TABLE  8/25 


GROUP 


GROUP  2 


(A) 

GROUP 

1 


ELEMENT  1/3 

TEST    HA  (Position) 

P  -  0.0000 

CONCLUSION    Question  groups 
1  arva  2  represent  different 
subdivisional  skills. 


(C) 

GROUP 
1 


GROUP  2 


0 

1- 

2 

T 

2 

15 

16 

37 

68 

1 

7 

■  3 

13 

0 

84 

11 

26 

121 

T 

106 

30 

66 

202 

ELEMENT  l/l(B) 

TEST    H/V-  (Co-or4inates) 

P  =  0.0000 

CONCLUSION    Question  groups 
1  and  2  represent  different 
subdivisional  skills. 


0 

1 

2 

T 

0 

1 

2 

T 

26 

^  

'  54 

111 

191 

17 

14 

62 

93 

1 

2 

2 

'.  1 

5 

GROUP  ^ 

1 

11 

7, 

7 

25 

0 

4 

2 

.  0 

6 

0 

72 

5 

7 

84 

T 

32 

58 

112 

202 

T 

100 

26 

76 

202 

ELEMENT  1/2 

TEST    H/V  (Co-ordinates) 

P  "  0.0000 

CONCLUSION    Question  groups 
1  and  2  represent  different 
subdivisional  skills. 


(D) 

GROUP 

1 


GROUP 


0 

1 

2 

T 

2 

4 

1 

63 

68 

1 

4 

2 

7 

13 

0 

108 

3 

10 

121 

T 

116 

6 

80 

202 

ELEMENT  1/1(b) 

TEST     straight  Line/Curve 

P  =  0.0000 

CONCLUSION    Question  groups 
1  and  3- represent  different 
subdivisional  skills. 
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\ 

\ 

TABLE  8/26 

* 

■ 

V 

306 

\ 
\ 

y  A  % 

GROUP  4 

GROUP-  2 

 (A-)  

0 

1 

2 

T 

0 

1  ' 

'2 

T 

2 

^GRoyp 

'  2  * 

0 

8 

58 

66 

2 

.  12 

3 

27 

42     -  " 

'  1 

6 

7 

17 

.30 

GROUP  , 
1 

10 

4 

9 

23' 

\ 

0 

.  83 

12~ 

-11 

106  '  " 

1 

0 

113 

9 

JO 

137 

! 
\ 

T 

27" 

.86 

202-  ^ 

T 

140 

16 

46 

202 

\ 

\ 

ELEMENT 

1/1  (B) 

ELEMENT 

1/1 (A) 

"^TEST     straight  Line/Ciirve 

TEST  HA 

(Co-ordinates) 

• 

P  =  0.0004 

P  -  0.0000 

CONCLUSION    Question  groups 

CONCLUSION     Question  groups 

2  and  4  represent  different 

1  and  2  represent  different  i 

subdivisional  skills. 

subdivisional  skills. 

1 

(C)' 

GROUP  3 
0  1- 

2 

T 

(D) 

GROUP  4 
0  1 

2 

T       -  _ 

2 

GROUP 

.    1  . 

1 

3 

7 

32 

;'42  ^ 

2 

GROUP 

1 

-  2 

3 

2 

41 

46 

7 

'  -3 

13 

23 

< 

6 

.  3 

7 

16 

0 

119 

•  11 

7 

  : 

c 

137 

0 

1'23 

7 

10 

140 

T 

129 

21 

52 

202 

132 

'  12 

58 

202 

1 

ELEMENT 

1/1 (A) 

ELEMENT 

TEST    straight  Line/Curve   

TEST     straight  Line/Curve 

P  =  0.0000 

1 

P  ~  0.0000 

\        CONCLUSION    Question  groups 

CONCLUSION    Question  groups 

i         land  3  represent  different 

2  and  4  represent  different 

1        siibdivisidnal  skills 

1 

subdivisional  skills. 

ERIC 
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TABLE  8/27' 


(A) 

GROUP 
2/1 (A)-l 


GROUP  2/lCB)-2 


GROUP  2 


0 

1 

2 

T 

(B) 

0 

1 

2 

2 

5 

'  11 

21 

37 

GROUP 
1 

2 

2 

9 

25 

36 

1 

25 

11 

13 

49 

1, 

10 

13 

9 

32. 

0 

110 

5, 

1 

116 

0 

128 

5 

1 

i34 

T 

140 

27 

35 

202 

T 

140 

27 

35 

202 

ELEMENT    2/1  (A) -2/1  (b)  ELEMENT    2/1  (b)  • 

TEST    Interpolation/Extrapolation    TEST  Line/Points 

P  -  0.2253 


P  =  0.1594, 

CONCLUSION  Elements  2/1  (A) 
and  2/1 (B)  represent  the  same 
skill. 


(C) 

GROUP 
.  1 


Gf^OUP  2 


0 

1 

2 

T 

2 

5 

9 

sz 

66 

1 

12 

16 

21 

49 

0 

79 

6 

2 

87 

T 

96 

31 

75 

202 

ELEMENT    3/2  (A) 

TEST    Max./Min.  Values 

P  =     0.0584  '  • 

CONCliUSION    Question  groups 
1  and  2>-represent  the  same 
suJ>divisional  skill. 


CONCLUSION    Question  groups 

1  and  2  represent  the  same 

-I 

subdivisional  skill. 


(D) 

GROUP 

c 

1 


GROUP  2 


0 

1 

2 

T 

2 

24 

43 

125 

192 

1 

1 

1 

> 

1 

3 

b 

-4 

2 

1 

7 

T 

29 

46 

127 

202 

ELEMENT   1/3  (Retest) 
TEST     HA  (Position) 
P  -0.0000 

CONCLUSION    Question  groups 
1  and  2  represent  different 
subdivisional  skills. 
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(A) 

GROUP 

1  ■ 


GROUP. 


GROUP 


0 

1 

2 

T 

0- 

1 

2 

T 

2 

11 

17 

165, 

193- 

2  * 

34 

19 

102 

155 

1 

1 

1 

5 

7 

GROUP 

4 

0 

3 

'  7 

0 

2 

0 

0 

2 

1  • 

0 

37 

•  1 

2 

40 

T 

14 

18 

170 

202 

.  T 

75 

2.0  • 

107 

202 

ELEMENT  4/3  . 
TEST"    I/D  (Numbers) 
P  =  0.0000 

CONCLUS.ION      Question  groups 
1  and  2  represent  different 
subdivisional  skills. 


(C) 


GROUP 


GROUP 


0 

1 

2 

l.T, 

5 

19 

36 

60 

14 

18 

19 

51 

82 

6 

3 

91 

101 

43 

58 

202 

Vo 

"t 

ELEMENT  4/1 

TESX;   II A  (Displacement) 

P  =  0*^2788 

.CONCLUSION      Question  groups 
1  and  2  represent  the^  same 
subdivisional  skill. 


ELEMENT  4/2 

TEST     H/V  (Displacement) 

P'  0,0000 

CONCLUSION     Question  groups 
1  and  2  represent  different 
subdivisional  skills. 


(D) 

GROUP 

1 


GROUP 


0 

1 

2 

T 

2 

2 

5 

113 

120 

1 

3 

9 

25 

37 

0 

32 

1 

12 

45 

37 

15 

150 

202 

ELEMENT    1/1  (b)  (Rotest) 
TEST     straight  Line/Curve 
P  ~  0.0000 

CONCLUSION   -Question  groups 
1  and  J  represent-  different 
subdivisional  skills. 
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TABLE  8/29 
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GROUP 


(A) 


GROUP  2 


GROUP- 
1 


0 

1 

2 

T 

2 

27 

21 

88 

136 

1 

*  -'7 

4 

4 

15 

0 

46 

~  2 

3 

51 

t 

80 

27 

95 

.202 

ELEMENT    6/5  (b) 
TEST    Mumerical  Range 
P  =  0.0000 

CONCLUSION    Question  groups 
1  and  2  represent  different 
subdivisional  skills. 


(C) 


GROUP  .2 


' GROUP 

1 


0 

1 

2 

T 

2 

1 

7 

19 

27 

1 

12 

6 

11 

29 

0 

138 

4 

4 

146 

T 

151 

17 

34 

202 

ELEMENT  6/2 

TEST    straight.  Line/Curve 
P  =  0,0047 

CONCLUSION    Que  stion  groups 
1  and  2  may  roj^rescnt  the  same 
suMivisional  skill. 


(B) 

GROUP 
1 


0 

1 

2 

T 

2 

14 

6 

65 

85- 

1 

23 

•  .5 

12 

40 

0 

68 

5 

4 

77 

T 

105 

.  16 

81 

'202 

ELEMENT  6/3  (A) 

TEST    straight  Line/Curve 

P  "  0.0000 

CONCLUSION    Question  groups 
1  and  2  represent  different 
subdivisional  skills. 


(D) 


GROUP 


GROUP  2 


0 

1 

2 

T 

2 

1 

0 

13 

14 

1 

8 

•  6 

6 

20 

0 

158 

7 

"  3 

168 

T 

167 

13 

22 

202 

ELEMENT  e/i 

TEST     straight  Line/Curve 
P  =  0.0162 

CONCLUSION    Question  groups 
' 1  and  2  probably  represent  the 
same  subdivisional  skill. 


.if- 
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FIGURES  8.2-8.7 

Outline  of  the  Validated  Learning  Hierarchy  for  Programme  III 

•     (Victoria)  » 


PRELIMINARY  NOTES 

1.  The  classification  code  for  each  basic  skill  is  outlined  in 
Table^^ 5/4-5/10,  and  abbreviations  used  for  the  relevant 
subdivisional  conditions  are  listed  in  the  preliminary  notes 
for  Tables  6/4-6/25, 

2.  Lilies  representing  hierarchical  connections  aro  classified 
according  to  the  following  key. 


Connection  accepted  as  valid  at  the  absolute  Ho 
level. 


Connection  accepted  as  valid  at  weaker  (0.01  and  0.02) 
Ho  levels. 


Connection  rejected  as  invalid  at  all  three 
specified  Ho.  levels. 


FIGURE  8.3 


2/l(-A)-H/P 


2/l(B)-H/S 


2/l(B)-H/P 


1/1(A)-II/S 


1/1(B)-V/S 


FIGURE  8.4 


FIGURH  H.6 


5/2(l\1 

5/2 (B) 

• 

1/1(B)-H/C 

) 

5/3(A) 

i 

5/3(B) 

1 

5/t(A) 


^26 


FIGURE  8,7 

/  


V 


— ^j. 
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CHAPTER  IX 


THE  EFFECTS  OF  DIFFERENT  CURRICULAR  BACKGROUND 
s*  ^  '  ; — »~ 

ON  THE  POSTULATED  LEARNING  HIERARCHY  ^ 


\ 
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1.  Introduction 

In  order  to  determine  the  influence  of  different  curricular 
background  on  the  postulated  learning  hierarchy  of  graphical 
interpretation  skills-,  it  was  decided  to  test  the  first  validation 
prograjrane  in  two  other  states  of  Australia.  •   Queensland  and  South 
Australia  were  selected  for  this  purpose,  because  of  certain  basic 
differences  in  the  structure  of  the  educational  systems,  and  more 
specifically  in  approaches  to  the  teac?h'ing  of, primary  mathelnatics . 
With  respect  to  the  basic  structural  dif ferejices,  both  Queensland 
and  south  Australia  have  a  five-year  period  of  secondary,  school,  ' 
preceded  hy  a  seven-year  primary  school  system  with  n^  universal  , 
pre-school  year,  while  Victoria  has  a  more^  general  pre-school  year, 
a  six-year  primary  system  and  another  six  years  of  secondary  school. 
^Interstate  differences'  in  degree  of  pre-school  graining  also  mean 
that  equivalent  years  of  formal  schooling  for  different  states  do 
not  indicate  equivalence  in  mean  student  age.      Differences  in  relevant  " 
curricular  background  are  more  difficult  to  deA^ne,  and  these  are  • 

further  discussed  below.  / 

/  .  .  . 

The  total  characteristics  of  specific  curricular  background  wi-.ich 

influence  the  learning  of  new  material /can  not  be  precisely  determined 

'  / 
for  „ny  individual  student,  much  less/'a  sizoable  population. 

.However  estimates  or  assumptions  of  general  capability  can  probably 

be  made  on .a  state-wide  basis  with  -respect  to  certain  common  characteristics 

of  proscribed  curricular  experience.      These  estimates  of  general 

capability  could  be  determined  most  effectively  by  a  ^prehensive 

pretest  of  relevant  kno'*ledge  oj:  skills,  but  this  method  wlMj^e  rather 
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tedious,  and  might  not  in  any  case  cover  the  range  of  potentially 
useful  prer^ejauisites  for  any  given  set  of  new  intellectual  skills. 
A  weaker,  but  more  practical  alternative  involves  the  analysis  of 
-contfent  in  previous  courses  of  study,  where  these  are  defined  in  ' 
relatively  specific  terms>.  with  the  assumpty.on  that  this  would  at 
least  define  the  limits  of  relevant  experience,  if  not  particular 
levels  of  competence.      Since  the  courses  in  primary  mathematics  are 
^  .outlined  in  "considerable  detail  for  all  three  states  concerned  in  this 
research,  the  method  of  curriculum  content  analysis  was  considered 
appropriate  and  sufficient  to  determine  any  fundamental  differences 
in  rolovant  content,  or  approach.      Thus  a  summary  of  the  salient 
fr-aturc-s  for  each  curriculum  programme  is  presented  below,  with  a 
more-  detailed  outline  of  graphical  and  statistical  content  presented 
in  Tables  9/1-9/3. 

The  primary  mathematics  curriculum  guide  for  Victoria  (Education 
Department/Victoria  1965-1969)  incorporates  a  series  of  progressively 

t 

'sophisticated  sections  of  work  in  both  Pure  and  Applied  Number,  with 
an  independent  segment  on  "Statistics  and  Graphs"  in  each  Applied  Number 
section.      The  general  approach  for  each  of  these  sections  is  based 
on  the  philosophy  of  conceptual  development  proposed  initially  by 
PLayct  (1950)   and  moro  recently  l,y  Druner   (I960),"  in  that  the  specified 
sequence  of  activities  emphasises  the  gradual  transition  from 
manirmlations  with  concrete  objects  to  various  forms  of  abstract 
reprec;c.ntation  (see  Table  9/1).      with  respect  to  Lhe'segment.s  on  graphical 
skills,  there  is  no  explicit  sequence  of  specifically  defined 
constructional  or  interpretative  abilities,  and  no  consistent  reference 


TABLE  9/1 


• 

'  Mathematics  Curriculum 

SECTION 

CONTENT     ("Statistics  and  Graphs") 

A-C 
(Applied 
Number ) 

Comparison  of  rows  with  different* numbers  of 
objects;    Recognition  of  symbols. 

CHF 
(Applied 
Number ) 

Use  of  3-D  symbols  (e.g.  beads);     2-D  symbbls 
(bars  and  paper  strips);    Pictorial  representation 
with  charts,  bar  graphs  and  pictographs. 

G  • 
iKatnematics ) 

Further  use  of  bar  graphs  and  pictographs,  with 
examples  based  only  on  positive  integers. 

H-I 

(Mathematics) 

Collection  of  tabular  data;  .  Construction  and 
Interpretation  of  Simpl^e  Histograms;  Introduction 
to  line  graphs;    Measures  of  central  tendency  a. 
(Mean,  jnedian  and  mode.) 

NOTES 


\ 


1.  Rovisionary  topics  are  not  included  in  this  table. 

2.  The  sections  listed  above  have  no  direct  relationship  with 
formal  academic  grades,  but  are  intended  to  cover  progressively 
all  six  primary  years. V 


TABLE  9/2 


4  (3) 

5  (4) 

6  (5) 

7  (6) 

8  (7) 


Graphical  and  Statistical  Content  for  Queensland 
Primary  Mathematics  Curriculum.  ^ 


Introduction  to  simple  pictographs, 

Pictographs  (continued) ;    Construction  of 
simple  histograms;    Number  line  measurements; 
Histogram  variations • 

Horizontal  and  Vertical  bar  graphs>  Introduction 
to  co-ordinate  mapping. 

Complex  bar  graphs;    Circle  graphs;  Cartesian 
co-ordinates  and  ordered  pairs. 

Broken  line  graphs  with  maximum  and  minimum  values; 
Continuous  line  graphs;     Interpolation  and 
Extrapolation;     Introduction  to  negative 
co-ordinates;    Measures  of  central  tendency. 

Mapping  and  interpretation  of  simple  mathematical 
relationships;    Complex  Histograms  and  frequency 
polygons;     Probability  and  investigation  of 
random  events,  \ 


4y 


STAGE  (Grade) 


CONTENT     ("Statistics  and  Graphs") 


\ 


NOTE 


Revisionary  topics  are  not  included  i,,  this  table. 
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TABLE  9/3 

Outline  of  Graphical  and  Statistical  Content  for-  South 
Australian  Primary  Mathematics  Curriculum 


GRADE 

CONTENT     ("Statistics  and  Graphs") 

3 

Introduction  to  Number  lines;    Collection  and 

organisation  of  data;    Construction  of  two- 

dimensional  grids;    Pictographs;    Bar  and  column 

graphs;     Linear  scales •                 •  ^ 

4 

Extension  of  earJ.ier  skills  to  cover  fractions 

and  decimal  numbers. 

5 

Circle  araohS;      Two— dim#in<;  inn  j^l    r^r\mmr\-r'A  ^  r\^^ 

mapping  (with  ntaximum  and  minimxam  values)  and 

interpretation  of  simple  mathematical 

relationships. 

6 

"Rounding  off"    numbers  and  choosing  scales; 

Line  graphs?     Interpolation  and  extrapolation; 

Composite  bar  graphs;    Circle  graphs;  Co-ordinates 

and  ordered  pairs;    Graphical  equations  and  truth 

sets. 

7 

Extension  of  line-segment  graphs  to  cover 

negative  and  fractional  numbers;    Mapping  simple 

linear  functions;     Introduction  to  Probability. 

NOTE 


Rovisionary  topics  are  not  included  in  this  table. 
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to  any  particular  informational  model,  although  an  extensive  list  * 

0 

of  general  suggestions  is  given  at  a  later  stage.  Moreover, no 
reference  is  made  to  the  use  of  number  ^ines  in  relation  to  graphical 
work,  although  they  are  widely  used  in  Pure  Number  sections  for  basic 
numerical  operations,  m  fact  there  is  generally  little  correlation 
between  developments  arising  frcnn  the  Pure  Number  sections  of  the 
relevant  curriculum  guides  and  corresponding  graphical  or  statistical 
applications. 

The  "Program  in  Mathematics  for  Primary  Schools"  in  Queensland 
(Education  Department/Queensland  1966-68)  is  divided  into  eight 
sequential  stages  covering  seven  primary  grades,  and  incorporates 
within  each  stage  (beginning  at  stage  three  for  grades  two  and  three) 
a  -separate  section  dealing  with  "Statisticsand  Graphs,"      In  contrast 
with  the  Victorian  curriculum,  this  programme  is  based  on  a. 
hierarchical  approach  consistent  with  Gagng's   (1965)  model  of  learning, 
and  incorporates  a  logical  sequence  of  specifically  defined  and 
progressively  complex  conjf|:ructional  and  interpretative  skills.  The 
sequence  of  particular  topics  for  each  instructional  stage  is  presented 
in  Table  9/2.      In  contrast  again  with  the  Victorian  curriculum,  the 
abilities  of  abstract  and  pictorial  representation  associated  with 
graphical  skills  are  assumed  in  the  Queensland  programme  even  at  the 
introductory  level  (stage  three).      Various  informational  models,  of 
both  general  (or  symbolic)  and  more  specific  nature,  are  used  throughout 
the  relevant  sections  of  this  programme.      On  the  other  hand,  however, 
the  numerical  range  used  for  graphical  and  statistical  applications, 
although  probably  more  extensive  than  the  corresponding  sections  in 
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the  Victorian  curriculum  guide,  is  still  considerably  more  restricted 
than  in  other  similarly  graded  section$  of  the  Queensland  mathematics 
programme . 

The  "Course  in  Mathematics"  for  South  Australian  primary  schools  ' 
(Education  Department/South  Australia  1969-71)  is  similar  in  general 
approach  to  .the  Queensland  programme  mentioned  above,  although  the 
sequence  of  basic  graphical  skills  is  certainly  n6t  th*3  same.      The  . 
sections  on  "Statistics  and  Graphs"  for  the  South  Australian  course, 
are  introduced  at  the  grade  three  level,  and  a  comprehensive  list  of 
the  topics  covered  in  these  sections  is  presented  in  Table  9/3.  The 
differences  in  sequence  between  this  and  the  Queensland  programme  ckn 
easily  be  determined  by  a  comparative  review  of  the  respective 
curriculum  outlines  in  Tables  9/3  and  9/2.      All  of  the  graphical  ' 
skills  for  the  South  Australian  course  are  introduced  with  simple 
(inte9ral).;  number  systems,  then  later  reinforced  and  extended  to  a 
wider  numerical  range,  although  negative  numbers  are. rarely  used  in 
any  section  of  the  course. 

Perhaps  the  most  fundamental  difference  between  the  various 
curriculum  programmes  outlined  above,  at  least  with,  respect  to  the 
treatment  of  statistics  and  graphs,  is  that  of  general  approach  between 
the  Victorian  course  and  those  for  the  other  two  states.  This 
difference  in  basic  approach  also  has  an  important  effect  on  the  treatment 
and  soloction  of  more  specific  content  areas,  and  thus  in  relation  to 
these  the  Victorian  course  also  differs  from  the  other  two.  It 
incorporates,  for  example,  no  substantial  coverage  of  cartesian 
co-ordinate  mapping  or  the  reading  of  two-dimensional  line- segment 


ERIC 


graphs,  which  are  both  important  aspects  of  graphical  interpretation, 
and  both  covered  in  interstate  curricula.      In  spite  of  the  similarity 
in  general  approach  for  the  Queensland  and  South  Aus,tralian  courses, 
and  the  fact  that  both  contain  a  comparable  range  of  constructional 
and  interpretative  skills,  there  are  still  considerable  differences 
in  respective  presentation  sequence  which'  could  influence  the  subsequent 
learning  of  more  complex  graphical  skills. 

It  should  be  emphasised,  perhaps,  by  way  of  a  cautionary  note, 
that  all  of  the  curriculxim  programmes  outlined  above  are  relatively 
recent  publications,  and  that  the  materials  they  contain  often 
represent  sionificant  changes  in  content,  sequence  or  approach  from 
the  former  respective  curriculum  guides.      Thus  all  of  ;these  state 
curricula  were,  at  the  time  of  testing,  in  a  more  or  less  transitional 
phase  of  general  implementation,  and  alt^iough  most  of  the  students 
involved  in  this  experiment  would  hkve  been  exposed  for  at  least  one 
or  two  years  to  the  current  primary  courses,  their  experience  prior 
to  that  could  not  be  cletfrly  defined.      Moreover  it  seems  from  informal 
discussions  with  teachers  at  most  oi   .ho  participating  schools  that, 
because  of  the  inevitable  confusion  involved  In  curricular  transition, 
those  students  "would  in  general  have  covero(l  very  little  by  way  of  . 
systematic  practico  or  instruction  in  graphical  interpretation  skiJls. 
In  addition,  tho  hiqh  .school  curricular  background  of  less  than  half 
a  year  was  ycneraljy  considered  not  to  bo  closely  related  to  tho 
areas  of  graphical  interpretation  involved  in  tho  validation  programme, 
and  har,  thcirofore  boon  ignored  as  a  common  influential  factor  for  the 
I>urpos<'S  of  this  resoarch.      These  points  are  made  only  to  emphasis'e 
the  difjti nation  between  actual  student  background  exoerience  and  the 
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potential  limits  inferred"  from  curriculum  content  analysis / 


2.    Interstate  Administration  of  Validation  Programme  I     '  ^ 

The  testing  level  chosen  for  interstate ^schools  in  Queensland 
and  South  Australia  was  again  the  first  high  school  year.  The 
interstate  students  were  not,  as  a  group,  equivalent  in  age  to  those 
in  the  Victorian  (Melbourne)  sample,  but  as  explained  in  section  I 
there  is  no  universal  equivalence  in  age  and  level  of  schooling  across 
these  three  states.      The  discrepancy  is  caused  by  certain  stioactural 
diffc-rcncoii  in  the  respective  educational  systems,  including  the  extent 
of  pro-school  training  and  acceptance  of  primary  mid-year  intake. 

The  schools  for  interstate  testing  in  Queensland  and  South. 
Australia  were  randomly  selected  from  a  ^ist  of  metropolitan  high 
schools  in  each  of  the  respective  capital  cities.      Since  only  one 
validation  programme  was  used  for  both  states,  a  full  class  of  students 
was  involved  from  each -participating  school,  thus  reducing  to  six 
the  number  of  schools  required  to  maintain  an  equivalent  lUiple  size  " 
of  approximately  2Q0->,rs tudents .      Although  all  of  these  schools  were 
nominally  co-education^l ,  the  particular  classes  involved  did  not 
always  represent  both  sexes.      Moreover  these  schools  were  in  some 
cases  academically  streamed  at  the  first  year  level,  according  to 
various  criteria  of  subject  preference  or  performance.      A  list  of  - 
the  relevant  student  characteristics  and  appropriate  selection  criteria 
for  each  participating  school  is  presented  in  Tables  9/4  and  9/5, 
The  Queensland  testing  sample  consisted  of  204  first  year 
^     students  from  six  metropolitan  high  schoolis  in  Brisbane  (see  Table  9/4 
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for  the  number  of  students  from  each  individual  school).  This 
group  contained  approximately  «qual  numbers  of  male  and  female 
students,  ranging  in  age  from  12  to  14  years  (taken  to  the  nearest 
year)  with  a  mean  of  13, 1,      The  South  Australian  group,  consisting 
of  212  first  year  students  from  six  high  schools  in  Adelaide  (see 
Table  9/5  for  the  number  of  .students  from  each  individual  school), 
also  contained,  approximately  equal  numbers  of  male  and  female  students, 
but  in  this  case  ranging  in  age  from  12  to  15  years  with  a  mean  of 
13, 2.      Thus  both  of  the  interstate  student  groups  were,  on  average, 
approximately  six  months  older  than  the  corresporiding  Victorian 
sample  (see  Chapter  VI) .  ' 

The  mean  programme  completion  times  for  both  the  Queensland  and 
South  Australian  groups  (shown  respectively  in  Tables  9/4  and  9/5) 
were  significantly  shorter  at  the  o/oi  level  than  those  for  the^ 
corresponding  Victorian  sample,  based  on  Student's  t-test  f or ^the 
difference  of  sample  means  (see  , Glass  and  Stanley  1970).      Thxs  result 
was  not  unexpected,  because  of  the  differences  (outlined  above)  in  ^ 
ago  and  academic  level,      Howeyer  as  in  the  previously  listed 
experiments,  the  working  "rate  for  tested  classes  in  Queensland  and-  * 
South  Australia  was  generally  constant  througliout  the  validation 
programme,  and  thus  the  respective  progression  graphs   (Figures  9.1 
and  9.2)  are  again  approximately  linear  to  the  point  of  first  ^ 
completion. 
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6.    Wavell  -  Co-educational  class  with  students  of  low  and  average  (t 
ability  (top  two  classes  only  selected  on  the  basis  of  • 
academic  ability) .  e 
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TABLE  9/S 

Sample  Numbers,  Completion  Times  and  Class  Selection 
Criteria  for  South  Australian  Schools  (Programme  i) 


329 


HIGH  SCHOOL 


Number  of 
Student's  in 
Sample 


Shortest 
Completion 
Time  (mins.) 


Cam^belltown 
Christies  Beach 
Elizabeth 
Marion 
Norwood ' 
Underdale 


31 

3a 

37 

36. 
34 


_^  M6an  Completion  Time 
Standard  Devia"tion 


32 
^2 
41 
36 
42 
34  . 


.  37.8 
■  4.4 


Longest 
Completion 
Time  •  (mins. ) 


83- 

82 

75 

66 

67 

77 


75.0 
7.2 


V 
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Class  Characteristics  and  Selection  Criteria 


1.  Campbell town  -  Co-educational  group,  consisting  of  3  students 
'    randomly  self.cted  from  each  of  12  academically  graded  first  ' 

year  classes. 

2.  Christies  Beach  -.Co-educational  class  of  average  ability, 
streamed  on  the  basis  of  primary  results. 

3.  Elizabeth'-  Co-educational  class  selected  only  according  to  choice 
of  foreign  language. 

4.  Marion  -  Co-educational  class  based  effectively  on  random  allocation. 

5.  Norwood  -  Co-edubational  group?  <<&;isisting  of  four  students 
randomly  selected  from  each  of  nine  academical Jy  graded  first 
yr'."ir  f;l»i.s';(!<;. 

6.  -  Underdale  -  Co- educational  class  of  average  ability,  streamed 

on  .the  basis  of  primary  results.  ^ 
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FIGURE  9.^ 

Progression  Rate  for  Programme  I 
(Oxley  High  School  -  Queensland) 


NOTES  • 


40  V 

TIME  (IN  MINUTES) 


1.  Circles  indicate  the  meanyiumbor 'of  pagesSompleted  at  specified 
.  ^    times.  \^  •  , 

2.  1  Vertical  lines  represent  t^le  appropriate  Standard  DGviyition. 
3*      Number  of  students  involved  =  34. 


PIGURK  9,2 
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Progression!  Rate  for  Programme  I 
(Campbelltown  Hig^  School  -  South  Australia) 


20 


NOTp:r; 


40  60 
TIME  (IN  MINUTES) 


80 


J 

100 


1.  Circles  indicate  the  mean  number  of  pages  completed  at  specified 
times, 

2.  Vertical  lines  represent  the  appropriate  Standard  Deviation,  " 

3.  Number  of  students  involved  =36, 
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3*     Interstate*^ Results  for  Validation  Programme  I 

The  interstate  results  for  Programme  I  were  subjected  to  the 
same  statistical  .analysis  as  that  described  in  chapter  VI  for  the 
local  Victorian  study.      The  validation  results  and  specific  conclusions 
derived  from  this  analysis  are  presented  for  the  Queensland  group  in 
Tables  9/6-9/27,  and  for  the  South  Australian  group  in  Tables  9/33-9/54. 
The  analysis  of  relevant  subdivisional  skills  is  subsequently 
presented  for  Queensland  in  Tables  9/28-9/32,  and  for  south  Australia 
in  Tablof;  9/55-9/59. 

The  levels  of  re.siX)nso  inconsistency  for  botli  the  Queensland  and 
South  Australian  students  were  of  the  same  order  as  those  for  Victorian 
students  in  each  of  the  locally  t.ested  validation  programmes.  The 
statistical  power  for  interstate  results,  however,  was  often 
considerably  higher  than  that  shown  in  the  corresponding  Victorian 
results  for  Programme  I,  probably  because  of  the  lower  interstate 
difficulty  levels  for  individual  elements,  which  tended  to  increase 
,  the  difference  between  the  null  and  alternative  hypothesis  conditions 
with  respect  to  the  number  of  exceptions  allowed  for  each  hierarchical 
connection  (.see  chapter  Vl/section  2).      Although  encouraging  in  this 


respect,  the  combined  effect  observed  in  the  interstate  results  of 
si^^ilar  response  inconsistency  and' lower  dif f  iculty  l^els  also 
cmf^hasi^-ed  the  def  iciency  in  using  only  marginal  totals  to  calculato 
thq^^critical  number  of  0/2  cell  exceptions  for  each  correlation  table, 
Tn  T^iblo  9/17'  (B),  for  example,  the  calculated  critical  number  is  four 
cit.  tho  absolute  Ho  Jevol,  obviously  attributable  to  the  many  errors 
of  measurement  observed  for  the' higher  element,  yet  only  one  student 
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was  unable  to  answer  either  question  for  the  lower  skill.      In  this 
case,  therefore,  the  postulated  hierarchical  connection  could  not 

^       possibly  be  rejected,  since  almost  every  atudent  succeeded  at  the 

1 

i       lower  skill.      Similar  results  were  also  observed  in  other  validation 
tests,  and  these  are  shown  in  Tables  9/18 (A),  9/18 (C),  9/23 (B) , 
9/44 (B),  9/45 (A),  9/50 (B),  9/51 (C)  and  9/52 (C) .       In  each  of  these 
cases  the  postulated  connection  was  tentatively  accepted  as  valid, 
although  the  calculated  power  was  clearly  unrealistic- 

Apart  from  the  deficiencies  men,tioned  above,  the  validation  res»\lts 
for  S)uoonsland   (Programme  I)  were  generally  qui.te  consistent  with^those 
from  the  previous  Victorian  studies  involving  each  of  the  three 
validation  programmes.      The  Queensland  results v were  also  internally 
consistent  with  respect  to  the  parallel  connections  between  analogous 
sul)divisional  skills  at  different  levels  of  the  postulated  learning 
hierarchy.      In  fact  for  the  Queensland  study  almost  every  postulated 
hierarchical  connection  was  accepted  as  valid,  at.  one  of  the  specified 
Ho  levels,  and  most  were  accepted  at  the  absolute  level.  Almost 
all  of  the  weaker  connections  occWrod,  as  expected  from  the 
provLous  Victorian  results,  in  dreas\l-3   (Figures  9.3-9.5),  where  the 
rop<:tihion  of  instructions  for  simplor qavr  additional 
opr^ortunitios  for  the  students  to  acquire  tht\so  skills  in  the  procoi^s 
of  attomptinq  moro  complex  cafiabilitios.      This  off ect  was^  particularly 
pronounced  for  element  1/1 (A)    (see  Table  9/16 (C) ) ,  bu€  insignificant 
for  cjil  of  the  fikillK  retested  in  areas  4-6  (Figures  9.6-9.8),  which 
wcTf  (:ovoro(J  in  sections  2  and  3  of  the  same  validation  programme. 
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M^ny  of  the  subdi visional  analysis  results  for  the  Queensland, 
testing  programme  (Tables  9/28-9/32)  failed  to  differentiate  between 
postulated  subdivisional  skills.      This  lack  of  discrimination  was 
-  often  due  to  extremely  low  difficulty  levels,  as  shown  for  elements 
1/3,   1/1 (B)    (Retest)  and  4/2,  and  for  these  elements  the  results  arc  ' 
inconsistent  with  those  for  analogous  tests  in  the  Victorian  validation 
studies.      In  other  cases,  however,  where  no  discrimination  was  made 
between  postulated  subdivisional  skills,  for  example  in  elements  3/2 (A) , 
4/1,.  6/3 (A)  and  6/1,  the  results  are  generally  consistent  with  those 
for  the  previous  studies.      Area  6  is  probably  an  exceptional  case, 
in  that  none  of  the  validation  experiments  have  so  far  produced 
internally  consistent  subdivisional  analysis  results  for  this  set  of 
basic  skills. 

I 

The  validation  results  for  South  Australia  (Tables  9/33-9/54) 
were  generally  much  less  positive  or  clearly  defined  than  those  for 
the  Queensland  study,  in  that  many  of  the  postulated  hierarchical 
connections  for  areas  1  and  2  were  rejected  as  invalid  at  all  three  . 
specified  HO  levels, ^and  several  connections  in  other  areas  were 
accepted  only  at  one  of  the  weaker  levels.      m  area  1,  for  example 
(see  Figure  9.9),  almost  all  of  the  parallel  connections  between  element 
1/2  and  the  relevant  terminal  skills  (elements  1/1 (A)  and  l/l(B))wero 
rojocted  as  invalid.      a  similar  result,  though  less  extreme,  wa.;  al«o 
produced  in  thr-  previous  Victorian  study  with  Validation  Programme  1 
(Chciptor  yi).      More-over  the  results  for  aroa  2   (;u>o  Kiquro  9.10  for 
i.h<-  noulh  Au.sUali.M  .jroup)  wore  almost  identical  for  both  of  Chose 
validation, stucii OS,  and  again  involved  certain  inconsistencies  between 
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supijosodly  parallel  connections-    .The  cause  of  these  inconsistencies  * 
was  obviously  the  same,  and  involved  the  repetition  of  certain  basic 
instructions  in  progressively  complex  skills*      Retesting  results  in 

area  1,  for  example,  showed  that  a  ..significant  proportion  of  students 

•> 

were  able  to  acquire  the  relevant  skills  for  both  elements  1/2  and 
1/1 (A) ,  not  previously  possessed,  in  the  process  of  attempting  more 
complex  capabilities   (see  Tables  9/43 (B)  and  9/43 (c)).      Although  . 
none  of  the  postulated  connections  in  areas  3-6  (Figures  9.11-9,14)  * 
were  completely  rejected,  some  were  accepted  as  valid  only  at  weaker  Ho 
levels,  and  others  (as  explained  above)  could  not  possibly  be  rejected 
because  of  extremely  low  difficulty  levels.  i 

The  subdivisional  analysis  results  for  South  Australia  (Tables 
9/55-9/59)  show  a  relatively  consistent  pattern  of  discrimination^ 
between  f^pstulated  subdivisional  skills^      In  some  cases,  hoivever,- 
for  example  in  elements  1/3,  1/1(B)    (Retest)  and  4/2,  the  results  are 
probably  unreliable  because  of  extremely  low  difficulty  levels.  In 
cases  where  the  tests  do  not  dif fercsntiate  between  postulated 
subdivisional  skills,  for  example  in  elements  4/1,  6/3  (A)  and  6/1, 
the  results  are  still  consistent  with  those  from  the  previous  validation 
studios.      Perhaps  the  most  significant  difference  from  the  earlier 
studios  is  that  in  this  case  the  calculation  of  maximum  and  minimum 
values  (clement  3/2 (A))  appears  to  involve  different  subdivisional 
skills,  while  results  for  the  analogous  test  in  each  of  the  previous 
studios  show  no  effective  difference  in  these  abilities. 
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General  Implications  from  the  Interstate  Validation  Studies 

Although  the  validation  results  for  Queensland  were  clearly  ^ 
consistent  with  those  from  the  previous  Victorian  studies,  ,€he  South 
Australian  results  involved  a  number  of  specific  inconsistencies.  i 
These  inconsistencies,  however,  were  largely  confined  to  areas  1  and- 
2  (both  incorporated  in  section  1  of  the,  relevant  validation  progranune)  , 
and  may  be  explained,  as  suggested  above,  by  the  incidental  acquisition 
of  prerequisite  or  subordinate  skills  through  subsequent  repetition 
of  instructional  notes.      Thus  the  postulated  learning  hierarchy  was, 
at  least  for  the  larger  part,  similarly  substantiated  in  all  three 
specified  states,  in  spite  of  obvious  differences  in  specific  curricular 
background  (outlined  in  section  1) ,  and  other  potential  effects  of 
differential  age  associated  with  the  relevant  student  groups,/ 

These  results  serve  to  establish,  at  least  within  a  limited 
empirical  framework,  the  existence  of  common  hierarchical  learning 
structures  for  students  with  different  curricular  background,  and  thus 
also  serve  to* extend  the  potential  application  of  validated  learning 
hierarchies  beyond  the  immediate  sampling  population.      To  this  extent, 
the  interstate  validation  studi^is  confirm  the  feasibility  of  national 
curriculum  planning  based  on  localised  evaluation  programmes,  in 
relation  at  least  to  those  subjects  where  definite  hierarchical  structures 
of  intellectual  skills  can  be  established. 


Ono  of  the  most  important  questions  arising  from  these  results 
cciHccrns  the  limits  to  which  learning  hierarchies  validated  for  a 

jiarticular  student  population  can  bp  more  generally  applied.  While 

j 
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the  int»'r.sl.,it<.  .sUidioK  dh(>V(-  confirm  .some  iX)Wor  of  qoncralisation  to 
Mill,.r..nt  ..itudcnt  groups  f,f  (;ompa rabJ c-  ago  ami  academic  Jovol,  thoy 
•qiv»-  no  ififormation  on  f)otonLial  application  to  students  with  a 
'Jifff.-cont  type  of  social  or  cultural  background.      Thus  in  prder  to 
test  the  .potential  application  of  a  common  learning  hierarchy  across 
substantial  differences  in  both  cultural  and  curricular  background, 
the  same  validation  prograirano  (I)  was  given  to  a  group  of  high-school 
s,tudents  in  Papua/New  Guinea,  where  the  influence  of  Western  culture, 
■and  of  formal  education  in  the  European  sense,  has  only  recently  been 
extended  to  any  real  proportion  of  the  indigenous  popuiation.  .The 
following  chapter  (x)  provides  a  summary  of  the  background  to  this 
international  validation  study,  together  with  an  outline  of  specific 
preparations  and  relevant  administrative  arrangements.      This  is 
followed  by  a  comprel^ensive  list  of  results,  and  discussion  of  the  i 
subsequent  implications. 
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TABLES  9/6-9/27 


Validation  Results  for  Queensland 


(Programme  I) 


PRELIMINARY  NOTES 

1.  The  following  results  are  x^resented  in  correlation  matrix  form, 
listing  the  number  of  questions  correct  for  each  element,  and  the 
appropriate  marginal  totals. 

2.  The  critical  number  of  exceptions  (C)  permitted  in  the  0/2  cell 
of  the  relevant  correlation  table  is  listed,  together  with  the 
appropriate  statistical  power,  for  each  of  the  null  hypothesis 
levels  defined  in  Chapter  VI  (see  preliminary  notes  for  Tables 
6/4-6/25) . 

3.  The  classification  code  for  each  element  is  outlined  in  Tables 
5/4-5/10,  and  the  relevant  subdivisional  conditions  are  presented 
in  Tables  6/4-6/25  (preliminary  notes) , 


TABLI-:  VG 


(A) 


ELEMENT 

1/3-H 


ELEMENT  1/2-h 


0 

1 

2 

T 

19 

4 

177 

200 

0 

0 

2 

2 

1 

0 

1 

2 

20 

4 

180 

204 

Ho 

c  ^ 

POWER.- 

o.oo 

1 

1.0000 

O.Ol 

7 

0.9977 

0.02 

11 

0.9492 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level. 


(B) 


ELEMENT 

1/3-V 


ELEMENT  i/2-v 


0 

1 

2 

T 

15 

11 

174 

200 

Ho 

C 

Power 

1 

0 

1 

2 

O.QO 

'  2 

1.0000 

1 

0 

1 

2, 

0.01 

7 

0.9943 

17 

11 

176 

204 

0.02 

10 

0.9457 

CONCLUSION    The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  levels  although  the  power  is  unrealistical3y  high. 


(C) 


ELEMENT 

1/2-V 


ELEMENT  i/i{B)-v/s 


0 

1 

2 

T 

23 

24 

129 

176 

Ho 

c 

Power 

4 

3 

4 

^,  11 

0.00 

6 

0.9859 

10 

1 

6 

17 

0.01 

9 

0.8865 

37 

28 

139 

204 

0.02 

11 

0.7265 

conclusion  The  postulated  connection  is  accepted  as  valid  at 
th^'  absolute  Ho  level. 


(A) 


TABLE  9/7 

ELEMEMT  i/i(a)-h/s. 


0' 

1 

2 

T 

.6 

1 

10 

123 

139 

Ho 

c 

Power 

ELEMENT  ^ 

1/1(B)-V/S 

0 

8 

20 

0. 

28  . 

0.00 

10 

0.8383 

36 

1 

0 

37 

0.01 

12 

0.6557 

T 

50 

31 

123 

204 

0.02 

14 

0.4372 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is*  relatively  low. 


(B) 


element 

1/2-V 


ELEMENT  1/1(A)-h/s 


0 

1 

2 

.  T 

33 

24 

119 

176 

He 

c 

Power 

6 

4 

1 

11 

0.00 

"5 

0.9845 

11 

3 

3 

17 

0.01 

8 

0.8656 

50 

31 

123 

204 

0.02 

10 

0.6805 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level. 


(0 

ELEMENT 

1/2-H  • 


ELEMENT  1/1(a)-h/s 


0 

1 

2 

T 

2 

35 

25 

120 

180 

Ho 

c 

Power 

1 

3 

1 

0 

4 

0.00 

6 

0.9652 

0- 

12 

5 

3 

20 

0.01 

8 

0.8709 

T 

50 

31 

12'3 

204 

0.  02 

10 

0.6895 

CONCLUSION  The  postulated,  connection  is  accepted  as  valid  at 
tho  absolute  Ho  level.         "  ^ 

■  352 


\ 

\ 

* 

« 

TABLE  978 

• 

< 

• 

• 

341 

(A) 

ELEMENT 

1/1(B)-H/S 

0 

1 

2 

T 

• 

ELEMENT 

1/2-H 

2 

15 

19 

146 

180 

Ho 

c 

Power 

1 

•  1 

0 

3 

4 

0.00 

9 

0.9571 

0 

6 

5 

9 

20 

0.01 

11 

0.8710 

( 

T 

22 

24 

158 

204 

'  0.02 

13 

0.7154 

CONCLUSION 

The  postulated  connection 

is  accepted  as  valid  at 

the  absolute 

Ho  level. 

( 

• 

(B) 

ELEMENT 

1/1(A)-V/S 

0 

1 

2 

T 

\ 

2 

8 

5 

145 

158  • 

Ho 

c 

Power 

ELEMENT 

1/1  (B)-H/S 

1 

9 

15 

.  0 

24 

0.00 

7' 

,q.9866L 

0 

20 

2 

0 

22 

0.01 

10 

0.8993 

T 

37 

22 

145 

204  . 

0.02 

12 

0.7574 

« 

4 

CONCLUSION 

'  The  postulated  connection 

is  accepted  as 

valid  at 

the  absolute 

^Ho  level. 

/ 

(C) 

ELEMENT 

1/1(A)-V/S 

\ 

0  " 

1 

2 

T 

\ 

ELEMENT 

1/2-H 

* 

2 

23 

19 

138 

180 

Ho 

c 

Power 

1 

4 

0 

0 

4 

0.00 

6 

0.9914 

• 

0 

10 

3 

7 

20 

0.01 

9 

0.9198 

\ 

T 

37 

22 

145 

204 

0.02 

11 

0.7891, 

\ 

\ 

\ 

- 

CONCLUSION 

The 

postulated  connection 

is  accepted  as 

valid  at 

\ 

\ 

\ 

the  fe'econd 

(0.01) 

Ho  level. 

ERIC 

31 

53 

\ 

TABLE  9/9 

342  • 

•     .  (A> 

ELEMEMl? 

1/1(A)-V/S 

f 

» 

• 

4 

0 

1  * 

2 

T  r 

\ 

■  "'       ■  2 

21- 

18 

137' 

176 

Ho 

c 

1 

Power 

ELEMENT  ^ 

♦1/2-V 

0 

7  . 

2 

2 

'  11- 

0.00 

,5 

Q.9968 

« 

9  ■ 

2 

• 

6 

17 

0.01 

8 

0.9557 

/ 

T 

37 

22 

145 

204 

0.02 

11  ^ 

.0.7844 

t 

CONCLUSION 

The  postulated  connection  is 

accepted  as 

valid  at 

the  second  (0.01) 

-Ho  level. 

< 

\ 

(B) 

ELEMENT. 

/ 

lyfl(|)-V/C 

«. 

\ 

1 

'0 

1 

2 

T  • 

« 

Z 

16 

-15 

145 

176' 

Ho 

c 

Power 

—            ELEMENT  , 

1 

1/2-V 

0 

4 

1 

6 

11 

0.00 

7 

0.99QO 

6 

4 

7 

17 

0.01 

10  ' 

0.9186 

T 

i 

26 

20 

158 

204 

0.02 

12 

0.7936 

CONCLUSION 

The 

postulated  connection  is 

accepted  as  valid  at 

/ 

the  absolute 

Ho  level - 

(C) 

ELEMENT 

.  0 

1/1 (A)-H/C 
2  T 

\ 

\ 

1 

2 

ELEMENT 

!/!{•&) -v/c^ 

10 

A 

144 

158 

\C 

Power 

11 

0 

20 

0.00 

6 

0.9939. 

.  0 

'-24 

2 

0 

•26 

0.01 

9 

0-9372 

T 

43 

'  17 

144 

204  ' 

0.02 

12 

0-7414 

CON'CLUSION 

The  postulated  connection  i^s 

accepts( 

3  as  valid  at 

<,tho  absolute  , 'Ho  "level. 

/ 

■  354 

/ 

Ok  *• 

% 

\. 

1 

A 

< 

t 

TABLE  9/10 

»  • 

^  343' 

*  • 
•  V 

(A) 

ELEMENT 
0  1 

1/1 (A)-H/C 

2  •  T 

2 

ELEMENT 

1 

1/2 -V 

26 

13 

137 

176  Ho 

c 

Power 

8 

1 

2 

11  0.00 

4 

0,9990 

« 

0 

9 

3 

5 

17  0.01 

8 

0,95^4 

• 

« 

T 

.43  > 

17 

144 

204  0.02 

10 

0,8600 

*  • 

*                                 *  • 

CONCLUSION    The  postulated  connection  is  accepted  as  valid  at 
the  second  (0*01)  Ho^  level*                                      :       '       ^  . 

« 

(B) 

ELEMENT 
0  1 

1/1,(A)-H/C 

A                               ■  • 

2  T 

• 

2 

29 

13 

138 

180  .  Hb 

c 

Power 

* 

ELEMENT  ^ 

•J./2-H 

0 

4 

0 

0 

4                      0. 00 

4 

0,9990 

10 

4 

-  6 

20                .  0.01 

8 

0.9550 

T 

43 

17 

144 

204  0..02 

10 

0.8590. 

*  c 
1 

CON(^LUSION     The  postulated  connection  is  accepted  as  vdlid  at 
tihc  second  (0.01)  Ho  level. 

•  I 

* 

s 

'.(C)  - 

ELEMENT 
0 

1/1(B)^/C     ^  / 

2  _   T  ,        ^  .  / 

t 

2 

ELEMENT  ■ 

1 

1/2-H 

0' 

25 

4 

151 

180      ,  Ho 

c . 

Power 

0 

1 

3 

•4              /  0.00 

2 

l^OQQO 

8 

11 

20             /  0.01 

7 

0,9943 

* 

,      „    ■    •  T 

33 

165 

204      "       /  0--02 

11 

0^.  9061 

• 

CONCLUSION 

•   ;  third  (0. 

The  postulated  connection  is  accepted 
02)  Ho  level. 

asr  valid  at 

• 

J 

ERIC  , 

4 

t 

* 

% 

» 

(A) 


ELEMENT 

1/1(B)-H/C 


TABLE  9/11 
ELEMENT  i/i(A)-v/c 


0 

1 

2 

T 

«18 

3 

144 

165 

Ho 

c 

Power 

4 

2 

0 

6 

0.00 

3 

0.9998 

27 

5 

■  1 

33 

0.01 

f 

7 

0,9813 

49 

10 

145 

204 

^    -  0.02- 

10  -, 

0.8728 

CONCLUSION  '^he  postulated  connection  is  accepted /as  valid^at 
the  absolute  Ro  level. 


(B) 


ELEMENT  i/1(a)-v/c 


ELEMENT  , 

l{(2-H 


0 

1 

.  2 

T 

2 

36 

5 

139 

180 

■ :    Ho  ■ 

c 

Power, 

1 

2 

'  1 

.1 

0.i)0 

3 

C.  99^18 

0 

11 

4 

5 

20 

o.ox 

7 

4 

0.9797. 

T 

49 

10 

145 

204 

o.oi 

10  ■ 

0.8652 

CONCLUSION  The  postulated  connection  is  accepted  as  vallEeL  at 
the  second  (0^01)  Ho  level,     ^  j  •  . 


(C) 


ELEMENT 

1/2-V 


ELEMENT  i/i(A)-v/c 


0 

1 

-  2 

T 

34 

'  3 

139 

176 

Ho 

c 

Power 

5, 

4 

2 

11 

<> 

0.00 

3 

0.9998 

10 

3 

i- 

17 

0.01 

7 

0.9807 

49 

10 

145 

204 

0.02 

10 

0.8695 

CONCLUSION  The^ postulated^  connection  is  a^jcepted  as  valid, at 
the  second  (0.01)  Ho  level, 

o 

IK 


(A) 


ELEMENT 

1/1 (A)-H/S 


TABLE  9/12 

r 

ELEMENT  2/1(a)-h/p 


345 


0 

1 

2 

T 

14 

5 

104 

123 

5 

'  7 

19 

31 

23 

10 

17 

50 

42 

22 

140 

204 

Ho 


0.00 


O.Ol 


0.02 


•c 


11 


14 


16  ' 


.Power 


0.9155 


0.7090 


0.5116 


\ 


CONCLUSION  The  postulated  connectl-oix,^  rejected  as  invalid  at^^ 
all  three  specified  Ho  levels. 


(B) 

ELEMENT 

'2/1(A)-H7p 

\ 
\ 

\ 

\ 

0 

1 

2 

T 

2 

I?' 

11 

111 

139 

-Ho 

C 

Power 

ELEMENT  / 

l/l(B)-v/s'^ 
0 

9 

3 

16 

28 

9 

0.9562 

16 

8 

13 

37 

o;  01 

-12 

0.7971 

T 

42 

22 

140 

204 

0.02 

14- 

0.6111 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  thizd  (0.02)  Ho  level,  although  the  power  at  this  level  is 
particularly  low. 


(C) 


ELEMpT 


•  ELEMENT'  2/i{B)-H/s 


1/1{A)-H/S 


0 

1 

2 

T 

12 

9 

102  . 

123 

Ho 

C 

Power 

6 

4 

21 

31 

0.00 

12 

0.8307 

27 

12 

11 

50 

0.01 

14 

0.6592 

45 

25 

134 

204 

0.02 

16 

0.4547 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  relatively  low. 


7 


TABLE  9/;L3 


(A) 


ELEMENT 

1/1(B)-V/S 


ELE,MEMT  2/1(b)-h/s 


0 

1 

2 

T 

'  c 

14 

11 

114 

139 

Ho 

Power 

9 

6 

13 

28 

o.ooj 

9 

0.9410 

22 

8 

7 

37 

o.of 

12 

0.7521 

45 

25 

134 

204  0-/>2 

14 

^  0.5512 

CONCLUSION  The  postulated  connection  is.  accepted  as  valid  at 
the  absolute  Ho  level. 


ELEMENf 

l/l(A)rH/S 


ELEMENT  2/l(B)-H/p 


0 

/I 

2 

T 

15 

89 

123 

:  Ho 

c 

Power 

17 

31 

j  0.00 

1.1 

0.7661 

33 

— 6" 

"  11 

50  / 

0.01 

13 

0.5615 

57 

30 

117 

204         ■  ' 

0.02 

14 

0.4519 

CONCLUSION  Th^  postulated  connection  is  accepted  as^alid  at 
the  absolute  Ho  level,  although  the  power  is  relatively  low. 


346 


(C) 


ELEMENT 

l/l(s)-v/s 


ELEMENT  2/1(b)-h/p 


0 

2 

T 

19 

i 

99 

139 

11 

A 

11 

28 

27 

37 

57 

30 

117 

204 

Ho 

c 

Power 

0.00 

9 

0.8578 

0.01 

11 

0.6776 

0.  02 

13 

0.4537 

c6nCLUSI0N  '^^^  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  alt^hough  the  power  is  relatively  low. 

;  ;-.b8 


(A) 


ELEMENT 
1/2-v 


TABLE  9/14 

ELEMENT   3/2  (A) -Max 


0 

1 

2 

T 

16 

*  29 

120 

165 

Ho 

c 

Power 

2 

2 

4 

8 

0.00  . 

 C 

0.7573 

13 

5 

13 

31 

0.01 

14 

0.5579 

31 

36 

137 

204 

0.02 

16 

0.3506 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  second  (0.01)  Ho  level,  although  the  power  at  this  level  is 
particularly  low.' 


(B) 


ELEMENT 
l/r(A)-v/c 


ELEMENT  3/2{A)-Max 


0 

1 

2 

T 

18 

29 

129 

176 

Ho 

c 

Power 

6 

3 

8 

17 

0.00 

7 

0.9408 

7 

4 

0 

11 

0.01 

9 

0.8176, 

31 

36 

137 

204 

0.02 

11 

0.6150 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level. 


(C) 


ELEMENT 
1/2-v 


ELEMENT  3/2{A)-M.in 


0 

1 

2 

T 

2 

14 

30  . 

121 

165  * 

Ho 

c 

Power 

1 

2 

O 

3 

8 

0.00 

17 

0.3639 

0 

7 

11 

13 

31 

0.01 

19 

0.1992 

T 

23 

44 

137 

204 

0.02 

20 

0.1386 

CONCLUSION  '^^^  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  particularly  low. 


.(A) 


ELEMENT 

1/1(A)-V/C 


TABLE  9/15 
ELEMEMT  3/2(A)-Min 


348 


0 

1 

.  2 

T 

14 

36 

126 

176 

Ho 

c 

Power 

5 

4 

8 

17 

0.00 

9 

0.7304 

4 

4 

3 

11 

0.01 

11 

0.4967 

23, 

44 

137 

204 

0.02 

13 

0.2751 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  relatively  low. 


(B) 


ELEMENT 

3/2(B) 


ELEMENT  3/1 


0 

1 

2 

T 

41 

64 

82 

187 

Ho 

C 

Power 

4 

4 

1 

9 

0.00 

6 

0.4377 

6 

2 

0 

8 

0.01 

7'. 
'< 

0.2924 

51 

70 

83 

204 

0.02' 

8\ 

C.1789 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  particularly  low. 


ERIC 

hminniBnrrTiama 


(C) 


ELEMENT  3/1 


0 

1 

2 

T 

2 

ELEMENT 

3/2 (A) -Max  ^ 

25 

42 

70 

137 

Ho 

c 

Power 

8 

17 

11 

36 

0.00 

15 

0.0698 

0 

18 

2 

31 

0.01 

16 

0.0398 

T 

51 

70 

83 

204 

0.02 

16 

0.0398 

CONCLUSION  '^^^  postulated  connection  is  accepted  at  the 
ah.soluto  Ho  level,  although  the  power  is  extremely  low. 

360 


TABLE  9/16 


(A) 


ELEMENT 

3/2(A)-Min 


ELEMENT  3/1 


0 

1 

2 

T 

23 

47 

67 

137 

Ho 

c 

Power 

15 

14 

15 

44 

0.00 

13 

0.1016 

13 

9 

1 

23 

0.01 

14 

0.0588 

51 

70 

83- 

204 

0.02 

15 

0.0321 

CONCLUSION  The  postulated  connection  is  .accepted  as.  valid  at 
the  absolute  Ho  level,  -although  the  power  is  extremely  low. 


(B) 


ELEMENT 

1/2-V 


ELEMENT  1/2-v  (Retest) 


0 

1 

2 

T 

2 

16 

7 

153 

176 

Ho 

C 

Power 

1 

4 

1 

6 

11 

0.00 

3 

1.0000 

0 

11 

0 

6 

17 

0.01 

8 

0.9871 

T 

31 

8 

165 

204 

0.02 . 

0 

11 

0.9091 

CONCLUSION    This  skill  was  not  acquired  by  any  significant 
proportion  of  students  in  the  process  of  attempting  more  complex 
capabilities. 


(0 


element\ 

1/1 (A) -V 


ELEMENT   i/1(a)-v  (Retest) 


0 

1 

2 

T 

4 

4 

137 

145 

Ho 

c 

Power 

2 

3 

,  5 

10 

0.00 

20 

0.9989 

5 

10 

34 

49  ° 

0.01 

22 

11 

17 

176 

204 

0.  02 

23  " 

CONCLUSION    This  skill  was  acquired  by  a  significant  proportion 
of  students  in  the  process  of  attempting  more  complex  capabilities 

361 


TABLE  9/17 


(A) 


ELEMENT 

4/3 


ELEMENT  4/2-h 


0 

1 

2 

T 

5 

4 

188 

197 

Ho 

c 

Power 

2 

1 

3 

6 

0.00 

2 

1.0000 

1 

0 

0 

1 

0.01 

8 

0,9948 

8 

5 

191 

204 

0.02 

11 

0,9535 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  unrealistically  high. 


(B)  ELEMENT   4/2-v  • 


ELEMENT 

4/3 


0 

1 

2 

T 

2 

9 

56 

132 

197 

Ho 

c 

Power 

1 

1 

■  2 

3 

,  6 

0.00 

4 

0.2379 

0 

1 

0 

1 

0.01 

5 

0.1165 

T 

11 

58 

135 

204 

0.02 

6 

0.0501 

CONCLUSION     The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  unrealistically  high. 


(C) 


ELEMENT 

i/3-n 


ELEMENT  4/2-h 


0 

1 

2 

T 

5 

5 

191 

201 

Ho 

c 

Power 

1 

0 

0 

1 

0.00 

2  ' 

1.0000 

2 

0 

0 

2 

0.01 

8 

0.9949 

8 

5 

191 

204 

0.02 

11 

0.9540 

CONCLUSION     The  postulated  connection  is' accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  unrealistically  high. 

ERIC 


(A) 


'ELEMENT 
1/3-V 


'i-AHLE  9/18 

ELEMENT  4/2-v 


2 

i 

0 

f 


0 

1 

2 

T 

^9 

56 

134 

199 

Ho 

C 

Power 

0 

2 

0 

2 

0.00 

7 

0.0729 

2 

0 

1 

3 

0.01 

7 

0.0729 

11 

,58 

135 

204 

0.02 

8 

0.0323 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  extremely  low. 


(B) 


ELEMENT 
4/2-H 


ELEMENT  Vl-H 


0 

1 

2 

T 

11 

23 

157 

191 

0 

1 

4 

5 

6 

1 

1 

8 

17 

25 

162 

204 

Ho 

c 

Power 

0.00 

7 

0.9724 

0.01 

9 

0.8985 

0*02  ' 

12/ 

0.6478 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  IIo  levej.. 


(0 


ELEMENT 
4/2-v 


ELEMENT  Vl-v 


0 

1 

:  2 

T. 

2 

7 

10 

118 

135 

Ho 

c 

Power 

1 

4 

9 

45 

58 

0.00 

15 

0.8163 

0 

5 

1 

5 

11 

TTolT 

17  " 

"0.^557 

T 

16 

20 

168 

204 

0.  02 

19 

0.4669 

CONCLUSION     The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Mo  level,  although  the  power  is   unrealistically  high, 


TABLE  9/19 


(A)  ELEMENT  4/1-H 


0      1       2  T 


ELEMENT 

1/2-H 


2 

7 

18 

'148 

173 

Ho 

C 

Power 

1 

3 

3 

4 

10 

0.00 

11 

0.9012 

0 

7 

4 

10 

21 

0.01 

14 

0.6773 

T 

17 

25 

162 

204 

0,02 

16 

0.4750 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level. 


(B) 


ELEMENT 

1/2-v 


ELEMENT  4/l-v 


0  " 

^  1 

2 

T 

7 

14 

150 

171 

f(o 

C 

Power 

2 

2 

9 

13 

0.00 

10 

0.9555' 

7 

4 

9 

20 

"  0.01 

13 

0.8043 

16 

20 

168 

204 

0. 02 

15  " 

0.6277 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level. 


(C) 

ELEMENT 

5/4  (A) 


ELEMENT    5/3  (A) 


0 

1 

2 

T 

13 

9 

161 

183 

Ho 

c 

Power 

0 

0 

2 

2 

0.00 

4 

0,9999 

12 

0 

7 

1? 

0.01 

8 

0,9898 

25 

9 

1"70 

204 

0,  02 

11 

0,9234 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  second   (0.01)   Ho  level. 


364 


353 


(A)  * 


ELEMENT 

5/3  (A) 


TABLE  9/20 

ELEMENT     5/2  (A) 


0 

1 

2 

T 

71 

16 

83 

170 

Ho 

c 

Power 

3 

3 

3 

9 

0.00 

3 

0.9793 

20 

3. 

2 

25 

0.01 

6 

0.7902 

94 

22 

88 

204 

0.02 

8 

0.5340 

CONCLUSION  The  postulated  connection  is  accepted  as  valid' at 
the  absolute  Ho  level. 


(B)              ELEMENT  5/2  (a) 

0      1^  2  T 

6i_  13  77  151    ,   Ho  C  Power 

10        4  9      23  0.00     *  5  0.9062 

23        5  2      30  0.  01       7  0.7150 

94      22  88    204  0.02       9  0.4519 


CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level. 


2 

ELEMENT  ^ 

4/l-H 

0 
T 


(C) 


ELEMENT 
4/1-v 


ELEMENT     5/2  (a) 
0        1      2  T 


63 

16 

•81 

160 

Ho 

c 

Power 

9 

1 

5 

15 

0.00 

4 

0.9503 

22 

5 

2 

29 

0.01 . 

6 

0.8038 

94 

22 

88 

204 

0-02 

8 

0.5539 

conclusion  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level. 


?,G5 


(A) 


ELEMENT 

5/3  (B) 


TABLE  9/21 

ELEMEHT  5/2  (b) 


0 

1 

2 

T 

14 

3 

104 

121 

Ho 

C 

> 

Power 

18 

5 

.  13 

36 

0.00 

8 

0.9313 

43 

4 

0 

47 

0.01 

10 

0.8C(^0 

"75 

12 

117 

204 

0.02 

13 

0.4943 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level.  « 


(B) 


ELEMENT 

1/1(B)-H/C 


ELEMENT  5/2(8) 


0 

1  . 

2 

T 

53 

9 

110 

172 

Ho 

C 

Power 

5 

2 

6 

13 

0.00 

3 

0.9979 

17 

1 

1 

19 

0.01 

6 

0.9544 

75 

12 

117 

204 

0.02 

9 

0.7502 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level. 


(C)  ELEMENT  5/1 

0        1      2  T 

61   32   24  117  Ho     C  Power 

7   3       2     12  O.pO      9  0.0185 

55      17       3      75  0.01      9  0.0185 

123      52      29    204  0.02      9  0.0185 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  extremely  low. 

-  nee 


2 

element 

1 

5/2 (B) 

0 


-TABLE  9/22 


(A) 


ELEMENT 

V2  (A) 


ELEMENT  5/1 


0 

1 

2  ■ 

T 

36 

28 

25 

89 

'Ho 

C 

Power 

21 

8 

3 

32 

0.00 

10 

0.0181 

66 

16 

1 

83  , 

0.01 

10 

0.0181 

123 

.  52 

29 

204 

0.02 

11 

0.0074 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  extremely  low. 


(B) 


ELEMENT    4/l-H  (Retest) 


0 

1 

2 

T 

2 

7 

18 

137 

162 

Ho 

X 

Power 

ELEMENT  ^ 

7 

5 

13 

25 

0.00 

8 

0.9750 

4/l-H 

0 

16 

0 

1 

17 

0.01 

10 

0-9111 

t 

30 

23 

151 

204 

0.02 

13 

0.6884 

CONCLUSION 

This 

skill  was 

n6t 

acquired  by  any  significant 

proportion  of  students  in  the  process  of  attempting  more  complex 
capabilities. 


(C) 

ELEMENT 
4/1-v 


ELEMENT    Vl-v  {Retest) 


0 

1 

2 

T 

2 

8 

13 

147 

168 

Ho 

c 

Power, 

1 

6 

.2 

12 

20  — 

'^.00^ 

6 

0.9974. 

0 

15 

0 

.  J6 

"  0.01 

9 

0.9671 

T' 

20 

160 

204 

0.02 

12 

0.8334 

,  CONCLUSION     This  skill  was  not  acquired  by  any  significant 
proportion  of  students  in  the  process  of  attempting  more  complex 
capabilities. 


(A) 


ELEMENT 

5/2 (A)  • 


TABLE  9/23 


ELEMEr'T  5/2  (A)  (Retest) 


0\ 

1 

^  2 

T 

3 

5 

80 

^88 

y  'Ho 

C 

POWEF! 

'  8 

'  7 

7 

22 

•  o-.oo 

11 

0.5124 

72 

20 

2 

94 

a.  01 

12 

0.3948 

83 

32 

89 

204 

0.02 

14 

0.2002' 

CONCLUSION    This  skill  was  not  acquired  by  any  significant 

•  ...   -  r  » 

proportiort"  of  students  in  the  process  of  attempting  more  complex 
capabilities. 


(B) 


ELEMENT 

6/5 (B) 


ELEMENT  6/,4(B) 


0 

1. 

2 

T 

5 

9 

185 

199 

"  Ho 

c 

Power. 

0 

0 

4 

4 

0.00 

3 

0:9998 

0 

0 

'  1  - 

1 

0.01 

7 

0.9815 

5 

9 

190 

204 

0.02  ■ 

10 

0.9734 

CONCLUSION     The  postulated  connection  is  accepted o^'s  valid  at 
the  /absolute  Ho  level ,  although  the  power  is  unrealistically  high 

"  "     ELEMENT  '  6/3 (B) 


ELEMENT 

6/4  (B) 


•0 

1 

2 

T 

26 

9 

155 

190 

■'  "Ho 

'C 

Power 

2 

6 

9 

0.00 

3 

0.9999 

3 

0  i 

.2 

5 

0.01 

7 

0.9921 

30 

11 

163 

204 

0.02  ■ 

11 

0.8833 

CONCLUSION  The  1-K)stulated  connection  is  accepted  as  valid  ^at 
the  absolute  Ho  level. 


368. 


(A) 


•  ELEMENT 

6/3  m)  . 


TABLE  9/2^ 

ELEMENT  6/2-s    i  ■ 


0 

1  ■ 

2 

^  T  / 

23 

•32^ 

82 

/ 

/137; 

12 

2 

•  21 

46 

0 

0 

^6 

81 

39 

84 

204 

Ho 

.c 

Power 

0.00 

8  • 

0.6388 

0.01 

io 

0.3800/ 

.'0.02 

11 

0.2675 

CONCLUSION  The  postulated  connection  is  accepted  a^  valid  at 
the  absolute  Ho  level/  although  the  power  is  particularly  low. 


(B) 


Ele^EMENT 

6/3 (A) -B 


ELEMENT  6/2-s 


0 

1  - 

s 

2. 

T 

2 

25 

20' 

84 

129 

Ho 

.  c 

Power 

1 

J 

21 

19^ 

0 

40 

a.  00 

9 

0,5690 

p 

35 

0 

0 

35 

0.01  / 

11 

0,3?22 

T 

81 

39 

84 

204 

0.02 

12 

0.2219 

CONCLUSION  The  postulated  connection  is  accepted  ^s  valid  at 
-the  absolute  Ho  level,  although  the  power  i.s  particulcirly  low. 


(C) 


ELEMENT 

6/5 (B) 


ELEMENT 


V2- 


0 

1 

2^ 

T 

63 

33 

66 

162 

Ho. 

c 

Power 

12 

6 

16 

34 

0.00 

5 

6.8599 

6 

0 

2 

8 

0.01 

7 

0-6255 

81 

39 

84 

204  . . 

0.  02 

9 

0.3526 

CONCLUSION  The  postulated  ^nnection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  relatively  low.« 


(A) 


ELEMENT 

6/3  (B) 


TABLE  9/25 
ELEMENT  6/2-C 


■CONCLUSION 

the  absolute 


0 

1 

2 

T 

• 

* 

28 

19 

103 

150  ' 

.  Ho 

C 

Power 

5 

5 

0 

10 

0.00 

5 

0.9646 

43 

0 

1 

44 

0.01 

8, 

0.7693 

76 

24 

104 

204 

•  0.02 

10 

0.5351 

(B) 


The  postulated  connection  is  accepted  as  valid  at 
Ho  level.  ? 

ELEMENT  6/2-c 


element 

6/3 (A) -C 


2 
1 
0 
T 

CONCLUSION 

the  absolute 


0 

1 

2 

T 

17 

14 

104 

* 

135 

Ho 

c 

Power 

10 

0 

25 

,0.00 

7 

0.8924 

..44 

0 

0 

44 

1  ' 

0.01 

9 

0.7170 

76- 

24 

104 

204 

0.02 

11 

0.4803 

The^'Tpostulated  connection  is  accepted  as  valid  at 
Ho  level,  Although  the  power  is  relatively  low. 


(C) 


ELEMENT 

0/0(11) 


element  6/2-c 


p 

1 

2 

T 

2 

17 

B7 

lf.2 

Ho 

c 

Power 

1 

12 

(, 

16 

34 

0.00 

6 

0.9263 

0 

G 

1 

;1 

8 

0.01 

0.779B 

T 

76 

24 

104 

204 

0.02 

10 

0.5413* 

CONCLUSION  The  i^ostulated  connection  is  acropted  as  valid  at 
the  absolute  Ho  level.    ^  ^ 


"!70 


(A) 


ELEMENT 

6/2-S 


TABLE  9/26 

ELEMENT  6/1-h/s 


0 

1 

2 

T 

24 

15 

45 

84 

Ho 

c 

Power 

12 

9 

18 

39 

0.00' 

11 

1 

0.2684 

70 

7 

4 

81 

i  0.01- 

s. 

12 

0.1777 

106 

31 

67 

204 

\ 

0.02 

13 

0.1107 

CONCLUSION  The  postulated  connection  is  adceptedoas  valid  at 
the  absolute  Ho  level,  although  the  power  is  extremely  low. 


(B) 

ELEMENT 

6/1- 

H/C 

0 

1 

2 

T 

2 

21 

16 

67 

104 

Ho 

c 

Power 

'ELEMENT  \^ 

1  6/2^0 

8 

5 

11 

24 

0.00 

7 

0.7185 

  0 

71- 

4 

1 

76 

0.01 

9 

0.4561 

T 

100 

25 

79 

204 

0.02 

10 

0.3310 

CONCLUSION  The  postulat^a  -connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  relatively  low. 


(0 


ELEMENT 

1/1{B)-H/.S 


ELEMENT  6/1-H/s 


0 

1 

2 

.  T  ■ 

Ho 

2 

99 

31 

65 

3  95 

c 

Power 

1 

5 

0 

1 

6 

0.00 

2 

0.9570 

0 

p.  01 

2 

0 

1 

3 

5 

0.6241 

T 

106 

31 

67 

204 

0.02 

6 

0..46'35 

CONCLUSION  The  postulated  connection  if  accepted  as  valid  at 
the  absolute  Ho  level. 


(A) 


\  2 
BLEMENT 

1 

1/1{B)-H/C 

0 
T 


ELEMENT  6/1-H/c 
Oil.      2  T 


95 

25 

78 

198] 

4 

0 

1 

1 

0' 

0 

J" 
1 

100 

25 

79 

204 

1 

\ 


•360 


Ho 

c 

Power 

0.00. 

1 

0.9964 

0.01 

5 

0.7820 

0.02 

7 

0.5021 

CONCLUSION    The  postulated  connection  is  Accepted  as  valid  at 
the  absolute  Ho  level,  althoug2>  the  power  i^  unrealisticaily  high. 


(B) 


N  ELEMENT 

6/3  (C)  , 


ELEMENT  6/2-s 


\ 


0 

1 

2 

T 

\ 

2 

23 

19 

84 

126 

H6 

c 

Power 

1 

22 

20 

0 

42 

o.op 

9 

0.4668 

0 

36 

0 

0 

36 

0.01 

\ 

10 

0.3463' 

T 

81 

39 

84 

204 

\ 

0.021 

11 

0.2423 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  particularly  low. 


(C) 


ELEMENT 
f>/3  (C) 


ELEMENT  6/2-c 


0 

1 

2 

1 

i 

16 

13 

104 

133 

Ho 

!  C 
-1  

FLOWER 

11 

0 

26 

0.00 

!  7  ■ 

0.G969 

4!S 

0 

0 

45 

0.01 

i  « 

'  9 

0.7254 

1(> 

24 

104 

204 

0.02 

ii 

0.4907 

CONCLUSION  Tho  postulated  connection  is  accepted  ag  valid  at 
tho  absolute^ Ho  level,  although  the  power  is  relatively  low. 


TABLES  9/28-9/32 
Subdivisional  Analysis  Results  for  Queensland 


(Programme  I) 

PRELIMINARY  NOTES 

1,  The  following  results  are  presented  in  correlation  matrix  form, 
listing  the  number  of  questions  correct  for  each  element,,  and 
the  appropriate  marginal  totals, 

2.  The  classification  code  for  each  element  is  outlined  in  Tables 
5/4-5/10,  and  a  list  of  the  relevant  subdivisional  question  groups 
is  presented  in  Table  6/2. 

3-        represents  the  combined  probability  that  the  observed  number 
of  students  in  the  0/2  and  2/0  cells  could  have  occurred  through 
chance  (or  errors  of  measurement)  under  the  null  hypothes'is  that 
no-one  can  possess  only  one  of  the  relevant  subdivisional  skills 
without  also  having  the  other. 


362 

TABLE  9/28 

■  ■  ■ 


GROUP  2 


GROUP  2 


(A) 

GROUP 
1 


0 

1 

2 

T 

2 

0 

2 

198 

200 

1 

0 

0 

2 

2 

0 

2 

0 

0 

2 

T 

2" 

2 

200 

204  • 

ELEMENT  1/3 

TEST    H/V  (Position) 

P  =  1.0000 

CONCLUSION  Question  groups 
1  and  2  may  represent  the  same 
subdivisiona]  &k\ll. 


(C) 

GROUP 
1 


GROUP  2 


0 

1 

2 

T 

2 

15 

17 

126 

158 

1 

10 

6 

8 

24 

0 

a2 

5 

5 

22 

T 

37 

28 

139 

204 

ELEMENT  i/kb) 

TEST      H/V  (Co-ordinates) 

p  =   o.pooo  < 

CONCLUSION   C^estion  groups 
1  and  2  represent  different 
suM'ivisional  skills. 


(B) 

GROUP 
1 


0 

1 

2 

T  V 

2 

1 

c 

4 

175 

180 

1 

0 

4 

0 

4 

0 

16 

3 

1 

20 

T 

17 

11 

176 

204 

ELEMENT  1/2 

TEST    H/V  (Co-ordinates) 

P  0-0130 

CONCLUSION  Question  groups 
1  and  2  probably  represent  the 
same  subdivisional  skill. 


(D)" 

GROUP 
1 


GROUP  3 


0 

1 

2 

T 

2 

5 

2 

151 

158 

1 

11 

3 

10 

24 

0 

17 

4 

22 

T 

33 

6 

165 

204 

ELEMENT  i/kb) 

TEST    straight  Line/Curve 

P  =  0.0000^ 

CONCLUSION    Question  groups 
1  arid  3  represent  different 
subdivisional  skills. 


TABLE  9/29 


363 


GROUP  4 


GROUP 


ERIC 


(A) 

GROUP 

2 


•  0 

1 

2 

2 

3 

4 

132 

139 

1 

4 

10 

14 

28 

0 

19 

6 

12 

37 

T 

26 

20 

158 

204 

ELEMENT    1/1{B)  ' 

TEST    straight  Line/Curve 

*P  =  0,0000 

CONCLUSION     Question  groups 
2    and  4  represent  different 
subdivisional  skills. 


(C) 

GROUP 
1 


1   GROUP  3 


0 

1 

2 

T 

2 

4 

4 

115 

123 

1 

4 

7 

20 

31 

0 

35 

6 

9 

50 

T 

43 

17 

144 

204 

ELEMENT  i/ka) 

TEST      straight  r,ine/Curve 

P  =  0.0000 

CONCLUSION     CAjostion  groups 
1  and  3  represent  different 
subdivi,sional  skills. 


(B)- 

GROUP 
1 


0 

1 

2 

T 

2 

8 

4 

111 

123 

1 

7 

5 

19 

31 

0 

22 

13 

15 

50 

T 

37 

22 

145 

20^ 

ELEMENT  i/i(a) 

TEST  '   H/V  (Co-ordinates) 

P  "  0,0000 

CONCLUSION      Question  groups 
1  and  2  represent  different 
subdivisional  skills. 


(D) 

GROUP 

2 


GROUP  4 


0 

1 

2 

T 

2 

11 

3 

131 

145 

1 

14 

1 

7 

22 

0 

24 

6 

7 

37 

T 

49 

10 

145 

204 

ELEMENT  i/i(a) 

TEST    Straight  Line/Curve 

P  0.0000 

CONCLUSION     Question  group: 
2  and  4  represent  different 
subdivisional  skills. 


875 


TABLE  9/30 


GROUP    2/1  (B) -2 


.GROUP  2 


(A)- 


GROUP 

,2/l(A)-l 


0 

1 

2 

T 

16 

24 

100 

140 

11 

3 

8 

22 

30 

3 

^  9 

42 

57 

30 

117 

204 

0 
T 

ELEMENT    2/1  (A) -2/1  (b) 


GROUP 
1 


0  , 

1 

2 

T 

2 

15 

17 

102 

134 

1 

5 

11 

9 

25 

0 

37 

2 

6 

45 

T 

57 

30 

117 

204 

ELEMENT  2/l(B) 


TEST     Interpolation/Extrapolation  TEST  Line/Points 


P  = 


0.0000 


CONCLUSION     Elements  2/1  (A) 
and  2/1 (B)  represent  different 
^bai^ic  skills. 


(C) 

GROUP 

1 


GROUP  2 


0 

1 

2 

T 

2 

2 

1. 

116 

137 

1 

6 

11 

19 

'  36 

0 

15 

14 

2 

1 

T 

23 

44 

137 

204 

ELEMENT    3/2  (A) 

TEST     Max.'/  Min.  Values 

P  =  0.3906 

CONCLUSION     Question  groups 
1  and  2  represent  the  same 
subdi visional  skill. 


P  -  0.0000 

CONCLUSION    Question  groups 
1  and  2  represent  different 
subdivision^  skills. 


(D) 

GROUP 
1 


GROUP  2 


0 

1 

2 

1 

2 

1 

I 

199 

201 

1 

0  * 

1 

0 

1 

0 

2 

0 

0 

2 

T 

3 

2 

199 

204 

ELEMENT     1/3  (Retest) 
TEST    ii/v  (Position) 
P  ~  0.0118 

CONCLUSIOtJ  Question  groups 
1  and  2  probably  represent  the 
same  subdivisional  skill. 


376 


•!'ABi,r:  0/31 


•  365 


GROUP 


GROUP 


(A) 

GROUP 
1  ^ 


0 

1 

2 

T 

2 

0 

11 

162 

173 

1 

0 

2 

8 

10 

0 

20 

0 

1 

21 

T 

20 

13 

171 

204 

.ELEMENT    1/2  (Retest) 
TEST     l^/V  (Co-ordinatGs) 
p  =  0.1489 

CONCLUSION     Question  groups 
1  and  2  represent  the  same 
subdivisional  skill. 


(C) 

GROUP 
1 


GROUP 


0 

1 

2 

T 

2 

1 

7 

154 

162 

1 

2 

9 

14 

25 

0 

13 

4 

0 

17 

T 

16 

20 

168 

204 

ELEMENT  4/1 

TEST    H/V  (Displacement) 

P*=(.  0.3630 

CONCLUSipN    CAiostiOn  groups 
1  <ind  i  represent  the  same* 
subdivisic^a^  skill.  , 


(B) 

GROUP 
1 


0 

1 

2 

T 

2 

4 

55 

132 

191 

1 

1 

2 

2 

5 

0 

6 

1 

1 

8 

T 

11 

58 

13-5 

204 

ELEMENT  4/2 

TEST  ^ ^cement ) 

p  =  0.2241 

CONCLUSION     Question  groups 
1  and  2  represent  the  same 
subdivisional  skil 1 , 


(D) 

GROUP 
1 


GROUP  3 


0 

1 

2 

T 

2 

0 

4 

19L 

195 

1 

0 

1 

5 

6 

0 

1 

0 

2 

3 

T 

1 

5 

198 

204 

ELEMENT     l/l  (B).(Retest) 
TEST    straight  Line/Curve 
p  =  0.1199 

CONCLUS  I  ON  '  (X\cst  lon  groups 
1  and  3  may  represent  the  samo^ 
suMivisional  ski  11 . 


TABLE  9/32 


GROUr  2 


GROUP 


(A) 


GROUP 

1 


0 

1 

2 

T 

2 

7 

33 

159 

199 

1^ 

0 

1 

3 

4 

0 

1 

0 

0 

1  * 

T 

8 

34 

162 

204 

ELEMENT    6/5  (B) 

TEST     Numaricai  Range 

-  P  =  0.0131 

CONCLUSION     Question  groups 
1  and  2  x^robably  represent 
tliS  same  subdivisional  skill. 

GROUP  2 

(C) 


CROUP 


0 

1 

2 

T 

2 

1 

11 

72. 

84 

1 

6 

9 

24 

39 

0 

69 

4 

'  8 

81 

T 

76 

24 

104 

204 

ELEMENT  6/2 

TEST      straight  Lin^/Curve 

P  =  0.0026 

CONCLUSION   ^uostion  groups 
1  and  2  ref)re.sont  different 
subdivisional  ski  1  is. 


(B) 

GROUP 
•  1 


0 

1 

2 

r 

2 

3 

13 

113 

129 

1 

13 

8 

19 

40 

0 

28 

4 

3 

35 

T 

44 

25 

135 

204 

ELEMENT    6/3  (A) 

TEST    straight  Line/Curve 

P  =  0*0423" 

CONCLUSION    Question  groups 

1  and  2  projbably  represent  the 

I 

aame  subdivisional'  skill. 


(D) 

GROUP 

1 


GROUP  2. 


0 

1 

2 

T 

2 

0 

10 

57 

67 

1 

4 

0 

10 

17 

31 

0 

96 

5 

106 

T 

'100 

25 

79 

204 

ELEMENT  6/1 

JEST      straight  Line/Curve 

P  ~  0.0329 

CONCLUSION  QuesLion  groups 
1  and  2  probably  represent,  the 
same  subdivisional  skill. 


^7 


367 


"'-4     TABLES  9/33-9/54 


Vaiidation  Results  for  South  Australia 
(Programme  I) 


^RY  NOTES 


ollowing  reralts  are  presented  in  correlation  matrix  lorm, 
ng  the  number  of  questions  correct  for  each  element,  and  the 
►priate  marginal  totals. 


critical  Somber  of  exceptions  (C)  permitted  in  the  0/2  cell 
e  relevant  correlation  table  is  listed,  together  with  the 
ipriate  stajtistical  power,  for  each  of  the  null  hypochesis 
s  defined^^in  Chapiter  VI  (see  preliminary  notes  for  Tables 

lasJvi.fic^£lf.on 'code  for  each  element  is  outlined  in  Tables 
/iO,  and  the  relevant  subdivisional  conditions  in  Tables 
/25   (pi^eliminary  notes). 


379 


TABLE  9/33 


(A) 


ELEMENT 

. 1/3-H 


ELEMENT  1/2-h 


0 

1 

2 

T 

29 

7 

173 

209 

Ho 

c 

Power 

0 

0 

0 

0 

0.00 

1 

1.0000 

2 

0 

1 

3 

■  0.01 

7 

0.9964 

31 

♦ 

7 

17  .4  ' 

212 

'  0.02 

11 

0.93 Id 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level.       "      )  '  | 


(B) 


ELEMENT 

1/3-V 


ELEMENT  V2-V 


0  • 

1 

2 

T 

2 

25 

"10 

174 

209 

Ho  ■ 

c 

Power 

1 

0 

0 

0 

0 

0.00 

'2 

1.0000 

0 

3 

0 

0 

3 

0.01 

7 

0.995ff 

T 

.28 

10 

174 

212 

0.02 

11 

0.9234 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level. 


(C) 


ELEMENT-  i/l(B)-v7s 


0 

1 

2 

T 

/ 

2 

ELEMENT 

1/2-V  ^ 

34 

16 

124  ^ 

174 

•  Ho* 

c 

it 

Power 

7 

1 

2 

10 

0.00 

5 

0.9963 

0 

12 

2 

14 

28 

0.01, 

0.9509 

T 

53 

19 

140 

212 

0.02 

11 

0.7697 

CONCLUSION 

The 

postulated  connection  is 

rejected 

as  invalid 

all  throe  specified  Ho  levels. 
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(A) 


table'  9/3.4 

,  ELEMENT  1/1{a)-h/s 


369 


ElfEMENT 

1/1{B)-V/S 

0 
T 


0 

1 

2 

'  T 

5 

6 

129 

140 

6 

13 

0 

19 

49 

4 

0* 

•  53 

60 

23 

129 

212 

4 

Ho 

c 

Rower 

0,00 

•  8 

0.9488 

0.0.1 

io 

0:8444* 

0.02 

12 

0.6655 

CONCLUSION  The  postulated  connection  is  accept/^d  as  valid  at 
the  absolute  Ho  level.  -  • 


(B) 


ELEMENT 
1/2-v 


ELEMENT  i/i(a)-h/s 


2 
1 
■  0 
T 


0 

1 

2 

T 

40 

18 

116 

174 

5 

3 

2 

10 

15 

2 

11 

28 

60 

23 

129 

212 

Ho- 

f 

C 

c 

Power 

— • — 

0.  90 

5 

0.3919 

0.01- 

8 

0,9144 

0.02 

10 

0.7704 

CONCLUSION    The  postulated  connection  is  rejected,  as  invalid  at 
11  three  specified  Ho  levels. 


7 


CO- 


ELEMENT 

1/2-H 


ELEMENT  1/1(a)-h/s 


0 

1 

2 

'  T 

4l 

19 

114 

^  174 

^  Ho' 

c 

Power 

4 

0 

3 

7 

0.00 

5 

0.9921 

15 

4 

'12 

31 

0.01 

8' 

0.9158 

60 

23 

129 

212 

0.  02 

'10 

0.7732 

CONCLUSION  Th  >  postulated  connection  is  rejected  as  invalid  at 
•ilJ  three  specified  Ho  levels. 


/ 


/ 

/ 

0 

/ 

/  /• 


(A) 

ELEMFNT 

1/2-H 


TABLE  9/35 

/  t 

ELEMENT  1/1(B)-h/s 


/ 


370 


0' 

1 

2 

T 

21 

17 

136 

174 

c 

Power 

3 

2 

2 

7 

0.00 

8 

0.9846 

9 

4 

IQ 

31  ' 

0.01 

ir 

0.8968 

33 

23 

156 

212 

0.02 

,  13 

0.7597 

CONCLUSION  ■  The  postulated  connection  is 
all  three  specified  Ho  levels. 


rejected  as  invalid  at 


\ 


(B) 


ELEMENT 

1/1(B)-H/S 

1 


-ELEMENT  l/l(A)-v/s 


0 

1 

2 

T 

3 

147 

156 

Ho 

C 

Power 

10 

11  . 

 0- 

23 

.  (L-OiL_ 

0.9^96 

31 

2 

0 

33 

0.01 

•  10 

0.9164 

47 

18 

147 

212 

0.02 

12 

0.7895 

CONCLUSION  The  ppstulated  connection  is 
the  absolute  Ho  level. 


accepted  as  valid  at 

J- 


ERIC 


(C) 


ELEMENT 

1/2-11 


ELEMENT  I/Kaj-v/s 


^0 

"1 

2 

T 

2 

29 

15* 

130 

17  4 

Ho 

c 

Power 

1 

4 

1 

2 

7 

0.00 

5 

0.9078 

0 

14 

2 

15 

Jl 

'  0.01 

0.9674 

T 

47 

18 

147 

212 

0.02 

11 

0.8251  . 

CONCLUSION  '^^c  postulated  connection '  i^  rejected  as  invalid  at 
all  throe  specified  Hd  levels. 


(A) 


ELEMENT 
1/2-v 


"TABLE  9/36 
ELEMENT  1/1(a)-v/s- 


371 


0  ■ 

1 

2 

T 

30 

13 

131 

174 

■  Ho 

c 

Power 

6 

•1 

3~ 

10. 

0.00 

5 

0.9.978* 

11 

4 

13 

28  ■ 

o.\oi 

8 

0.9669 

47 

18 

147- 

212 

•  0.02 

11 

0.8233 

CONCLUSION  The  ppstulat'ed  connection  is  rejected  as  invalicl  at 
all  three  specified  Ho  levels.  -  -      *  ^ 


(B) 


ELEMENT  l/l(B)-v/c 


e|Iement 

'l/2-v 


■i 


\ 


0 

1 

2 

T 

2 

.  24 

10 

1:40 

•174 

\jo 

c 

Power 

1 

3 

4 

3'' 

10 

.0.00 

5 

Q,9991 

0 

12 

1 

15 

28 

5 

0.01 

9 

0.9639 

^T 

39 

15 

158 

212 

0.02 

11 

0,8866 

C6nCLUSI0N  The  postulated  connection  is  rejected 'as  invalid  at 
al|l  three  specified  Ho  levels,    .  '  *'  ' 


(Q) 


•  EL 


ELEMENT  1/1(A)-h/c 


EMENT 


l/l-(B)-v/c' 


0 
T 


0 

1 

2 

T 

12 

4 

142 

 V 

158 

7 

6 

2 

15 

36 

3 

0 

39 

55 

13 

144 

212 

,  Ho 

C 

PoWER' 

;  0 . 0  0 

<•>■ 

O.U<)7f. 

0.01 

(i 

0.;9647 

0.  02 

11 

9-8154 

CONCLUSION  'i'J^C'  postulated  conncctioi^  is^  accepted  as  j/alid  at 
thh  absolute  Ho  level* 


/ 


'IV- 

Kj 


(A) 


ELEMENT 
1/2-y 


TABLE" 9/37 

ELEMENT   i/i(A)-H/c  \ 


.  0.- 

1 

2 

.  T 

0 

'  2 

32 

12 

130 

174  ' 

'Ho 

:C  . 

Power 

-1- 

..  5 

0 

5 

Id 

0..00 

"4 

0.999*1 

18 

1 

9 

28 

0,01 

7 

0.9804 

T 

55 

13i 

JL44- 



*'0-02 

[lO 

6.8684" 

CONCLUSION    The  postulated  connection  is  accep^ted  as  yalid  at 
the  third  (0.02)  Ho  level,  although  tjie,  power-at  tt^is  level  i? 
*  relatively  low.  * 


(B') 


ELEMENT  i/i(a)-h/c 


ELEMENT 

l/2-,< 


0  . 

1  t. 

2 

T 

2 

.34 

>  .12 

128 

174 

>  jHo 

c 

Power 

1 

2 

5 

7 

/O.OO 

4 

0.^991 

0 

1 

uj 

31 

 /o.oi 

7 

0.9802 

T 

■  55 

13 

1 

144  ■ 

212 

0.02 

10 

0.8675 

CONCLUSION  The  postulated  connecti^^n  is  rejected^  as  invalid  at 
all  Xhree  specified  Ho  levells,^ 


/ 


,-^(C) 


. ELEMENT 
1/2-11- 


ELEMENT  i/1(b)-h/c 


(1 

e 

0 

/  -T 


-Jr. 


0 

1 

2 

T 

23 

3 

148 

174 

Ho 

c. 

Power 

4 

0 

3 

7  • 

0.00 

2 

1.0000 

1  1 

1 

31 

0.01 

?• 

0.00^.1' 

38 

4 

1/0' 

212  / 

0.02 

11 

0.92bfj 

.•GONGLUSION  postulated  conn<»rt  ion  is  ro'jootod        invalid  nt 

all  t\jcQO  specif iod  Ho  levels. 


4 

6 


TABLE  9/38 

ELEMENT  l/l(A)-v/c 


373 


0 

1 

2 

T 

( 

2 

16 

0 

154 

170 

Ho 

'  c 

Power 

ELEMENT  ^ 

1/1{B)-!I/C 

1 

3 

0 

4 

0.00 

3 

0.9999 

5 

1 

38 

0.01 

i 

1 

0.9897 

T 

49 

8 

155 

212 

0.02 

10 

0.9167  . 

CONCLUSION  The  postulated  connection  is  accej^ted  as  valid  at] 
the  absolute  Ho  level.  ' 


(B) 


ELEMENT 

1/2-H 


ELEMENT  i./1(a)-v/c 


0 

1 

2 

T 

32 

"4 

138 

174 

Ho' 

c 

Power  ^ 

4 

1  . 

2 

"7 

0.00 

3 

0.9999 

13 

3  ' 

15 

31 

0.01 

7 

0.9897 

49 

8 

155 

212 

0.02 

10 

0.9165^ 

CONCLUSION  The  postulated  connection  is  rejected  as  invalid  at 
all  three  specified  Ho  levels. 


(C) 


ELEMENT 
1/2-v 


ELEMENT  i/1(a)-v/c 


0 

1 

2 

T 

31 

3  , 

140 

174 

Ho 

c 

Power 

5 

3 

2 

10 

0.00 

3 

0.9999 

13 

2 

13 

28 

0.01 

7 

0.9899 

49 

8 

155 

212 

0.02 

10 

0.9179 

CONCLUSION  The  postulated  connection  is  rejected  ar»  invalid  at 
all  three  specified  Ho  levels. 


85 


(A) 


TABLE  9/39 


ELEMENT  2/1{a)-h/p 


LEMENT 


.1/1(A)-H/S 


0 

1' 

.  2 

T 

20 

15 

94 

129  '  ■ 

"  .  .  Ho 

•c 

Power 

9 

.  U  - 

23 

0.00 

9 

6.9150 

32 

9 

19  < 

60 

0..01 

12 

0.6857 

61 

27 

124 

212 

0 . 0  ,2 

14 

0.4711 

CONCLUSION  "^^^  postulated  connection  is  rejected  invalid  at 
all  three  specified  Ho  levels. 


(B) 


ELEMENT 

1/1(B)-V/S 


ELEMENT  2/1{a)-h/p 


0 

1 

2 

T 

25  ■ 

16 

99 

140 

Ho 

c 

Power 

5 

9 

4 

10 

19 

"  0.00 

•8 

0.9401 

31  . 

7 

15 

53 

0.  01 

11 

0.7372 

H 

27 

124 

212 

0.02 

13 

0.5248 

CONCLUSION  The  postulated  ::onnection  is  rejected  as  invalid  at 
all  three  specified  Ho  levels. 


(C) 


ELEMENT 

1/1{A)-H/S 


ELEMENT  2/l{B)-n/s 


0 

1 

2 

T 

2 

15  , 

12 

102 

129 

Ho 

c 

Power 

1 

8 

4 

11 

•  23 

0.00 

9 

0.9378 

0 

•34 

8 

18 

60 

0.01 

11 

0.8266 

T 

57 

24 

131 

212 

0.  02 

14 

0..  5408 

CONCLUSION  The  postulated  connection  is  rejected  as  invalid  at 
all  three  specified  Ho  levels. 
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(A) 


ELEMENT 
l/l(B)-v/s 


TABLE  9/40 


ELEMENT  2/1(b)-h/s 
0    \l       2  T 


19 

107 

140 

Ho 

c 

Power 

4 

2 

13 

19 

0.00 

8 

0.9574 

34 

8 

11  ' 

53  , 

0.01 

10  . 

b,8650 

57 

24 

131 

212 

0.02 

.  13 

0,5944 

•  CONCLUSION    The  postulated  connection  is  accepted  as  valid  at 
the  third  (0.02)  Ho  level ,  although  the  power  at  this  level  is 
particularly  low.  '  - 


(B) 


ELEMENT 

Vi(A)-ll/S 


ELEMENT  2/1(b)-h/? 


0 

1. 

2 

T  - 

24 

23 

82 

129,  . 

'  Ho 

c 

Power 

0 

4 

13 

23 

0.00 

12 

0.5875 

35 

13 

12 

60 

0.01 

13 

0.4748 

65 

40 

107 

212  ' 

0.02 

15. 

0.2700 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  .absolute  Ho  level,  although  the  power  is  particularly  Tow, 


(C) 


ELEMENT 


ELEMENT  2/1(b)-h/p 


J/i (H)-v/J 


..1 


0 

1 

2 

T 

29 

25 

86 

140 

Ho 

c 

Power 

4 

4 

11 

19 

0.00 

10 

0.-7392 

32- 

^  11 

10 

53 

O.Ol 

12 

0.5183 

65 

40 

107 

212 

0.02 

14 

0.3015 

CONCLUSION  The  postulated  connection,  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  relatively  low,  \ 


087 


(A) 


TABLE  9/41 
ELEMENT   3/2  (a) -Max/ 


0 

1 

2 

T 

C  0 

ELEMENT. 

1/2-V 

2 

29 

33 

98 

160 

;C 

Power 

1 

4 

2 

8 

14 

0.00 

11 

0.6658 

0 

12 

11 

iL 

38  

0.01 

.13 

0.448? 

• 

T 

45 

46 

121 

212 

0.02 

15 

0.2537 

CONCLUSION     The  postulated  connection  is  accepted  as  valid  at 
the' third  (0.02)  Ho  level,  although. the  power  at  this  Tevel  is 
extremely  low. 


(B) 


ELEMENT    3/2  (A) -Max. 


0- 

1 

2 

T 

<* 

2 

28 

28 

113 

'  169 

Ho 

c . 

Power 

ELEMENT  ^ 

1/1{A)-V/C 

0 

9 

7 

4 

20 

0.00 

10 

0.7177 

•  8- 

11 

4 

23 

O.pl 

ll 

0.6079 

T 

45 

46 

121 

212 

0.02 

13 

' 0.3792 

CONCLUSION  The  postulated  connection  is,  accepted  as  valid  at 
the  absolute  Ho  level,  although  th^  power  is  ^relatively  low. 


(C) 

ELEMENT 

1/2-V 


ELEMENT  3/2-{A)-Min'. 


-.0 

1 

2 

T 

23 

34 

103 

160 

.  6 

1 

7 

•  14 

13 

10 

15 

38 

42'' 

45 

125 

212 

■  Ho 

.G 

Power. 

0.00 

13 

0.'6138 

0.01 

0.4002 

0.  02 

16 

0.3.030 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
^the  second  (0.01)  Ho  level,  althougl^the  power  at  this  level  is 


particularly  low. 


'388 


(A) 


ELEMENT 

1/1(A)-V/C 


TABLE  9/42 

■  ELEMENT  3/2(A)-Min. 
0      1       2  T 


28 

30 

111 

169 

Ho.. 

c 

Power 

6 

7\ 

7  • 

20 

0.00 

0.7563 

8 

:  8- 

7 

23- 

^  .  0.^1 

12- 

0.5401 

42 

45 

J.25 

212 

0.02 

14 

0.3213 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  relatively  low. 


(B) 


ELEMENT 

3/2 (B) 


ELEMENT 

3/1 

1 

a 

1  - 

2 

52 

55 

89 

196 

Ho 

c  • 

Power 

1 

5 

3  - 

0 

8 

O.OX). 

-  5 

0:7622 

0 

5 

3 

0 

8 

0.01 

7 

0.4750 

T 

62 

89 

212 

0.02 

8  ' 

0.3352 

COfJCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  relatively  low. 


(Q  •  ■ 

ELEMENT 
0  1 

3/1- 
2 

T 

i 

2 

25 

34 

62 

121 

"Ho 

c 

Power 

ELEMENT 

3/2  {A)r-Max 

1 

16 

15  • 

15 

«46 

0.00 

1.6 

0.;i577 

p 

21 

12 

12 

45 

0.01 

17 

0.1027 

T 

62 

61 

89j 

212 

0.02 

18 

0.0637 

CONCLUSION  postulated  connection  is  accepted  as  valid  at 

the  ab.soiuto  Mo  level,  although  the  power  is  extremely  low. 


TABLE  9/43 


0  r* 


(A) 


ELEMENT  3/1 
0      1      2  T 


2 

32 

31 

62 

125 

Ho- 

c 

Power 

ELEMENT  ^ 

11' 

18 

16 

45 

0.00 

15 

,0.1912 

3/2(A)-Min. 

0 

19 

12 

11 

42 

0.01 

16 

0.1266 

T 

62 

61 

89 

212 

0.02 

17 

p;0798 

CONCLUSION  Th^  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  extremely  low. 


(B) 


ELEMENT   ^/^'^  (Retest) 


0 

1 

2 

T 

« 

2 

21 

9. 

144 

174 

Ho. 

Power 

ELEMENT  ^ 

3 

3 

,4" 

10 

COO 

5 

0.9992 

1/2-V 

'  a 

14 

2 

12 

28 

0.01 

■  8 

0.9843 

— f- 

—38 

14 

160 

.  212 

0.02 

11- 

0.8954 

378 


CONCLUSION  This  skill  was « acquired  by  a  significant  proportion 
of  students  in  the  process  of  attempting  more  complex  capabilities. 


(C) 


ELEMENT 

1/1 (A) -V 


ELEMENT    1A(A)-V  (Retest) 


0 

1 

2 

T 

2 

5 

5 

145 

155 

Ho 

c 

Power 

1 

4 

2 

2 

8 

0.00 

13 

.0^9300 

0 

14 

'13 

22 

49 

0.01 

15 

0.8308 

T 

23 

20 

169 

212 

■  0.02 

17 

0.6767 

CONCLUSION  '^^^s  skill  was  acquired  by  a  significant  proportion 
of  students  in  the  process  of  attempting  more  complex  capabilities. 


TABLE  9/44 


379 


(A) 


•ELEMENT 
4/3 


E!.EMEMT  4/2-h 


0      1       2       T  ^ 

C 

Power 

•  22- 

"3 

"180 

205  Ho 

i 

0 

3^ 

4  0.00 

■«      ^                                        _     -  -  ^ 

1 

•i.ogqo. 

0 

1 

2 

3            .  0.01 

a 

b.9958 

23 

4 

IBS' 

212         :            O  .  oi 

11' 

0.9609 

CONCLUSION  postulated  connection*  is  acdepted  as  valiji  at 


the  second  (O.OL)  Ho  level. 


(B) 


element 

4/3 


element  4/2-v 


0 

1 

2 

T 

9 

2 

21 

56' 

128 

205 

Ho 

c 

Power 

1 

i 

2 

1 

4 

0.00 

5 

0.7205 

0 

0 

1 

2 

3  ■ 

0.01 

.  7 

0;4215' 

t 

22 

59 

131 

212~ 

0.02 

8 

0.2865 

CONCLUSION     The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,,  although  the  power<,  is  unrealistically  high. 


(C) 


element 

V3-H 


element  4/2-h 


CONCLUSION  i^The  postulated  connection  is  accepted'  as  valid  at 
the  absolutie  Hb  level,  although  the  power  is  unrealistically  high. 


0 

•  1 

2 

T 

2 

22 

4 

185 

•i 

211  % 

Ho 

c 

Power 

1 

0 

0 

0 

0. 

0.00 

1 

1.0000 

0 

1 

0 

>  0 

1 

— ^ 
0.01 

7 

0.99a4 

t 

23 

4 

185 

212 

0.02 

f 

11 

0.9603, 

(A) 


.TABLE  9/45 

ELEMEMT  4/2-v 


0 

1 

2' 

T 

2 

21  . 

"57 

130 

208     *  ~ 

Ho. 

C 

Power 

1 

.1- 

•    1  . 

,0 

t 

2 

4 

0.8126 

0 

0 

1, 

■  1 

? 

0.01 

"6 

0.5223 

T 

'  22 

59 

131. 

212 

0.02 

8- 

0.2429 

CONCLUSION    The  postulated  connection  is  accepted  as  yalid  at 
the.- absolute  Ho  lejjei,  although  the  poweF^is  unrealistically  "high 


(B)- 


ELEMENT  4/i-H 


0 

1 

2 

T 

2 

24 

15 

146 

185 

Ho.  . 

C  ' 

Power 

ELEMENT 

4/2-H 

1 

2 

.0 

2 

4 

O'.OO  . 

.0.9994 

0 

■=  19 

1^ 

3 

23 

0.01 : 

8 

0.9700 

f 

T 

'45. 

.  16 

151 

212 

0.02 

11 

.0.8351 

CONCLUSION^  The  postulated,  connection  is  accepted  as  valid  at 
the  absolute  Ho  level.      •  —  ^ 


ELEMENT 

I. 

4/2-v 


ELEMENT  4/}.-v. 


0  • 

1 

2 

T 

2 

17 

7 

107 

331 

Ho 

t 

c 

Power 

1 

8 

4 

47 

59 

0.00 

15 

0.8725 

0 

15 

4 

3 

22 

0.01 

17 

0.7398 

T 

40 

15' 

157 

.  212 

0.02  . 

■  19- 

0.5650 

CONCLUSION  The.  postulated  connection  is  raccepted  as  valid -at 
.*he  absolute  Ho  level,  although  the  power  is  relatively  low. 


V 

ELEMENT  V  ^. 

.■20": 

12, 

135 

167  '  ■     ■            •  .Ho 

C 

Power* 

* 

.2 

-.1 

10 

13  o«bo 

0.9986 ■ 

-l-/2'-H-  ■ 

0 

23  . 

.  3 

6 

32              jf    -  0.01 

0.9619 

45; 

16 

151 

212   •                ^  0-.62 

■11 

6.8577_ 

CONCLUSION'   The^postulated  .cpnnection  is  accepted  as  valid* ^t, 
the  second  (0.01)  Ho  lev^l-.-^:.^ 


(g)  ..ELEMENT  4/i-v 


f  ' 

0 

1;  ■' 

2  / 

T 

2 

15 

.11 

146  ' 

172 

\  Ho-  ' 

C 

Power 

ELEMENT. .  ^ 

3 

0 

5 

a  '  . 

6. 00 

-  5  ■ 

0*9990 

1/2-V  ^ 

22 

4 

6 

32 

■  J"  - 
0.01 

■9. 

0.9631 

T 

4.0 

15 

157 

212' 

0.02 

12 

0.8198 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at.g 
the  second    (0.01)  Ho  level. 


(C)  ELEMENT    5/3  (A) 


■  0 

1 

2 

T 

2 

29 

7 

150 

186 

.  "  Hp: 

•  C 

Power 

ELEMENT 

1 

2  ' 

"  1 

•8 

11 

0.00 

3 

0.9999 

5/4  (A) 

0 

'  14 

■  1 

0 

15  ■ 

0.01 

7 

0.9912 

T 

45 

9 

158  ' 

212 

0.62 

11 

0.8758 

CONCLUSION  The  postulated  connection  is  accepted  as' valid  at 
the  absolute  Ho  level. 


-"RBLE  9/47 


»  C 


•'  ELEMEtiT  5/2  (A) 


,  0 

i  r-i 

1  , 

.  2 

■  T  . 

♦ 

.87 

^  10 

158 

Ho . 

r 
L 

Power 

'ELEMENT  , 

'  8 

.r 

>  : 

* 

O.QO 

2 


Q.9484 

5/3  tA 

0 

43.' 

.  2, 

'y 

-  45     ■  *  *  * 

•  -0*01 

'  5 

•  T 

138 

%13  . 

61' 

212 

-  0.02 

0.4246 

*.  «           *  *  " 

9 

CONCLJUS^ION  /The  postulated  connection  is.  accepted -as  valid  at 


the  absolute  Ho  level, 


'  • 'ELEMBNT-s/zCA) 


» 

Q 

1 

2 

T     •  • 

2 

'72 

'7 

51^ 

l30   ■  • 

.  Ha' 

.  C  ' 

Power 

1 

 V- 

19^ 

•2 

■  8 

"29  ■. 

o.do 

'5 

0.6650 

0 

'  47 

4 

■  2 

(53  , 

.  0.01 

6- 

,X).5b85 

T 

138 

13 

.61 

1  • 
212 

q.02 

8" 

^'.'2318 

CONCLUSION  The  postulated  connection,  is  acceptisd;  as  yalid  at 
the  absolute  Ho  level^  although,  the  power  is  particularly  low. 


• 

(0- . 

element 

5/2  (A)  ^ 

"a 

0  * 

.  1 

2  . 

T 

8 

51  • 

139 

[  Hd 

Power 

element. 

'  r4 

1 

.8 

23 

o.od 

-  4 

'0.7780 

4/l-V.  Q 

44 

A  ' 

■  2 

50 

0.61 

6 

0.47d[^ 

■~  /T 

13 

.  61 

212 

b.02- 

,  7' 

0.3226' 

CONCLUSION  Tho' postulated  conrtection  is  accepted  as  valid  at^ 
tJio«  absolute  Ho  level,  although  ■  the  power  is  relatively  low. 


(A) 


ELEMENT 

5/3  (B) 


TABLE  9/48 

ELEMEMT  .5/2(8)"^ 


0 

1 

2 

T  . 

18 

8 

109 

i35 

Ho 

/ 

Power 

10 

11 

6  . 

c27 

O.'pO 

7 

0.9540 

■^45 

2 

3 

50 

b.oi 

10 

0.7§58 

73 

21 

lie 

212  ■■ 

'  0.02 

12 

0.5526 

^CONCLUSION  The  postulate  connection  is  accepted  as  valid'^at 
the  absoluce  Ho  level*  *  •  1  - 


(B) 


ELEMENT . 

a/i(B)-H/c 
*..    •  •  0 


ELEMENT  S/.^W 


.0 

1 

2 

1 

42 

'l4 

113 

169 

>.13 

4 

.  -4. 

21 

18" 

3 

1 

22 

.73 

ft 

212  ^ 

4 


Hp'. 

c 

Power 

,  -o^oo 

5 

0.9840 

0.01 

8 

0.8631 

0.02'' 

jlO- 

0.6764 

CONCLUSION  .  The  postuj^ted  connection  is  accepted  as  valid*  at 
the  absolute*Tfo  level.  •  •       ^  t> 


(C) 


■  ELEMENT 

5/2 (B).  ■ 
it 


ELEMENT  5/1 


0  ' 

1 

■  2 

T 

2 

76 

25 

17 

118  ' 

Ho 

c. 

Power' 

1. 

15 

3. 

3 

21 

0.00 

0.0417 

0 

70 

3 

0 

73*' 

,  0.01 

0.0417 

T 

161 

3-1 

20 

2X2  '. 

0.02 

i- 

0.013^9  . 

"CONCLUSION  The  postulated  connection  is  accepted 'as  valid  at 
the  Vibsolutp  flo-^ievel,  although  the  power  is  extremely  low. 


J' 


'95 


(A) 


TABLE  9/49 

ELEMENT  5/1 


*  • 

0 

'  1 

2 

T 

2 

•32 

.14.' 

17 

.63 

■  Ho 

c . 

Power 

ELEMENT 

5/2 (A) . 

1 

2'6 

'  3 

Kfo 

*29 

0.00 

■  •  7  ■ 

0.0201 

0 

103 

14 

.  3 

120 

0.01 

7 

0.0201 

T 

161 

31 

20 

212 

0.02/ 

8 

0.0070 

^tONCLUSION'  The  postulated  connection  is  accepted  as  valid  et- 
the  absolute  Ho  level,  although  the  power  is  extremely  low-. 


384 


^1 


ERIC 


(B) 


ELEMENT 

4/l-H 


ELEMENT     4/l-H  (Retest) 


\o 

1 

2 

■T 

A  • 
10 

■ 

22 

119 

151 

3  ' 

>  4 

9 

16 

40' 

3 

2 

45 

53 

29 

130  ' 

212 

^  Ho . 

G 

Power 

o.po. 

9 

0*.9147_ 

0.01 

11 

0.7793 

0.02 

13 

0.5794 

CONCLUSION    This. skill  was  not  acquired  by/any  significant  . 
proportion  of  students  in  the  process  of  attempting  more  ccmplex 
capabilities.  "  , 


(C) 


ELEMENT 

.4/l-v 


•  ELEMENT    .4/l-V  (Retest) 


0. 

1 

2 

T 

2 

7 

18 

132 

157 

Ho 

c 

Power 

1 

8 

1 

6 

15 

0.00 

7 

0.9829 

0 

35 

4 

■^1 

40 

0.01 

10 

0.8806 

^  T. 

50 

23 

139-^ 

212 

"  0.02 

12 

0.7246 

"CONCLUSION    This^skill  was  not  acquired  by  any  significant 
_,propdrti9n  of  students  in  the  process  of  attempting  more  complex 
capabilities.  /  » 


IK 


\  • 


385 


ELEMENT 

5/2 (A) 


TABLE  9/50 
ELEMENT    5/2  (a)  (Retest) 


0 

1 

2 

T 

2 

2 

4 

55 

61 

1 

'  5 

2 

6 

13 

6 

113 

"  23 

2 

138 

t 

12tf  ■ 

29  . 

63' 

212  .\ 

Ho 

c 

Power ' 

0.00 

8 

0.4306 

0.01  , 

9 

0.3016 

0.02 

11 

0,1197 

CONCLUSION    This  skill  was  hot  acfe|uired  by  any  significant 
proportion  of  students  in  :the  process\pf  attempting  more  complex 
capabilities*  \ 

.  .  ■  '  ■ 

(3)         element  6/4  (b)        ;    .  ^  *  ■ 

0  .   1      2  T 


ELEMENT, 

6/5  (B) 


9 

13 

187' 

209   '  « 

r     >  '  Ho 

c 

Power 

0 

0 

2 

*  2 

0.00  . 

3 

0.9999 

0 

1 

0 

1 

0.01 

n 

0.9852 

9 

14 

189 

212 

0.02 

10 

0.8921 

CONCLUSION    The  postulated  connection  is  accepted  as  valid  at 
>the  a^bsolute  Ho  level,  although  the  power  is  unrealistically  high. 


EMC  , 


(G) 


ELEMENT 

6/4 (B) 


ELEMENT  o/3(ii) 


0 

1 

2 

T 

38 

11 

140 

1.89 

7 

1 

6  ■ 

14 

6 

1 

2 

9 

51. 

13, 

148 

212 

Ho 

Power 

0.00 

3 

0.9998 

0.01 

7 

0.9830 

0.02 

10 

0.8809 

CONCLUSION.    The  postulated  connection  iff  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  unrealistically  high. 


39? 


(A)' 


ELEMENT 

6/3  (B) 


TABLE  9/51 

•  « 

..ELEMENT  6/2-s 


p 

1 

.  2 

•  T 

"33 

28 

62 

123. 

Ho 

,  c- 

Power 

15  , 

9 

'  1 

25 

0.00 

7 

0.5108 

63 

0 

1 

64 

0.01 

9 

0.2477 

111 

37 

64. 

212 

0.02 

10 

p.154^1 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
thjs  absolute  Ho  level,  although  the  power. . is  particularly  low. 


(B) 


.ELEMENT 

6/3  (A) 


ELEMENT  6/2-s 


0 

1 

2 

.»T  . 

38 

16' 

64 

118 

Ho  • 

c . 

Power 

19 

21 

0 

40 

0.00  " 

9 

0.3061 

■  54 

0 

0 

54 

0.01 

10 

0.2004 

111 

37 

64 

212 

0.02  , 

11 

0.1224 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  extremely  low* 


(C) 


ELEMENT 

6/5 (B) 


ELEMENT  6/2-s 


0 

1 

2 

T 

2 

96 

32 

61 

189 

Ho 

c 

Power 

1 

12 

5 

3 

'20 

0.00 

3 

6.8667 

0 

3 

0 

0 

3. 

0.01 

5 

0.5830 

T 

111 

37 

^12  ' 

0.02 

6 

0.4204 

conclusion    The  p6st(iiated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  unrealistically  high. 


(A) 


ELEMENT 

6/3  (B) 


')'AHI.I-:  9/52 

ELEMENT  6/2-c 


0 

1 

2 

T 

47 

19 

79 

145 

\fo 

c 

Power 

6 

1 

0 

7 

0.00 

4 

0.9152 

60 

6  _ 

o' 

60 

-  0.01 

6 

0.7149 

113 

20 

79 

212 

'0.02 

8 

0.4352 

CONCLUSION.  The  postulated  connection  is  accepted  as  valid  at 
the  absolute* Ho  level. 


(B) 

ELEMENT 

6/2-C 

0 

1  . 

2 

T 

,  ..  '2 

.  30 

7 

79 

116 

Ho 

Power 

ELEMENT  ^ 

6/3  (A) 

0 

18 

13 

0  < 

31 

0.00 

-  7 

0.6999 

65 

0 

0 

65 

0.01 

8 

0.5685 

T 

113 

20 

79 

212 

n.02 

10 

0.3108 

CONCLUSION 

The  postulated  connection  is 

accepted  as  valid  at 

the  absolute  Ho  level,  although  the  power 

i  .     -  i ..-  •>  :■^ 

is  relatively  low. 

(C) 

ELEMENT 

6/2- 

0 

1 

2 

T 

2 

97 

18 

74 

189 

Ho 

c 

Power 

ELEMENT 

6/5  (B)  ^ 
0 

13 

2 

5 

20 

0.00 

3 

0.'9591 

,  3 

.  0 

0 

3 

0.01 

5 

0.8100 

T 

113 

20 

79 

212 

0.02 

7 

0.5435 

CONCLUSION    The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although'the  power  is  unrealistically high 

399-  


(A) 


ELEMENT 

6)'2-S 


TABLE  9/53 
ELEMEriT  6/1-H/S 


0 

1 

2 

T 

17 

13  • 

34 

64 

Ho 

c 

Power 

20 

11 

6 

37 

0.00 

"  10 

0.08r4 

104 

5' 

2 

111 

0.01 

11 

0.0420 

141 

29 

42 

212 

0.02 

11 

0,0420  ' 

.CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  extremely  low. 


(B) 


element  6/1tH/c 


0 

1. 

2- 

T 

s 

2 

29 

16 

.34- 

79 

.  Ho 

Power 

element 

1 

9 

2 

9 

20 

0.06 

6' 

0.3204 

6/2-C 

0 

105 

6 

2 

113 

0.01 

7 

0.1939 

T 

143  ■ 

24 

45 

212  * 

0.02 

.  8 

0.1069. 

CONCLUSION  ^^^^  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the.  power  is  extremely  low. 


(C) 


ELEMENT 

1/1(B)-II/S 


ELEMENT  6/1-h/s 


0 

1 

2 

T 

125 

29 

42 

196 

Ho  ' 

C 

Power 

6 

0 

0 

6 

0.00 

2 

0.7805 

10 

0 

0 

10 

0.01 

4 

0.3930 

141 

29 

42 

212 

0.02 

5 

0.2310 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  -level,  although  the*  power  is  relatively  low. 


(A) . 


TABLE- 9/54 

ELEMENT  6/1-h/c 
0      1  '■    2  T 


2 

132 

24 

44 

200 

« 

Ho 

Power 

ELEMENT  ^ 

1/1 (B)-H/C 

0 

3 

6 

'  1 

.  4 

0.00 

'  2 

0.8208 

.8 

0 

:  -0 

0.01, 

A 

0.4544 

T 

143 

24 

45 

212 

0.02 

5 

p. 2832 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Hd  level ,\  although  the  power  is  relatively  low. 


(B) 


ELEMENT 

6/3  (C) 


ELEMENT  6/2-s 


0 

1 

2. 

T  - 

34 

15 

64 

113 

Ho 

C 

Power - 

22. 

22 

0 

44 

0.00 

9 

0.3478 

.55 

0 

0. 

55 

0.01 

10 

0.2350 

111 

37 

64 

2i2 

0.02 

V 

11. 

0.1483 

.CONCLUSION  The  postulated  connection  is  accepjbed  as  valid  at 
,tKe  absolute  Ho  level,  although  the  power  is  particularly  low. 


(C) 


ELEMENT 

6/3  (C) 


ELEMENT  6/2-c 


0 

r 

2 

T 

2 

25 

5 

79 

109 

-  Ho^ 

c 

Power 

1 

20 

15 

0 

35 

0.0  0 

8 

0.6182 

0 

68 

0 

0 

68 

0.01 

9 

0.4858 

T 

113 

20 

79 

212  • 

0.02 

11 

0.2493 

CONCLUSION  "^^^  postulated  connection  is  accepted  as  valid  at 
'the  absolute  Ho  level,  although  the  power  is  particularly  low. 


^  '  390 

TABLES  9/55-9/59^       I  '  " 

Subdivisional  Analysis  Results  for  South  Australia 
(Programme  I) 


PRELIMINARY  NOTES  ^  . 

1.  The  following  results  are  presented  in  correlation  matrix  form, 
listing  the  number  of  questions  correct  for  each  element,  and 
the  appropriate,  jnarginal  totals.  „  . 

2. *    The  jclassification  code  for  each  element  is  outlined  in  Tables 

5/4-5/10,  and  a  list  of  the  relevant  subdivisional  question  groups 
is  presented  in  Table  6/2.  >y 

3.  p^  represents  the  combined  probability' that  the  observed  number 
of  students  in  the  0/2  and  2/0  cells  could  have  occurred  through 
chance  (or-errors  of  measurement)  under  the  null  hypothesis 
that  no-one  can  possess  only  one  of  the  relevant  subdivisional 
skills  without  also  having  the  other.-  ^ 


4 


TABLE  9/55 


GROUP  i 


GROUP 


(A) 

GROUP 

1 


0 

.:JL 

2 

T 

2 

i 

** 

•0 

208. 

209- 

,0 

0 

0 

0 

2 

.  0 

3 

0  * 

209 

2i2 

ELEMENT  1/3 
TEST  (Position) 
p  =:  0.0000 

CONCLUSION    Question  groups 
1  and  2  represent  different 
subdivisional  skills.  • 


(G) 


GROUP 


0 

1 

2 

T 

2 

17 

13 

126 

156 

1 

.lo" 

4 

9 

23 

t 

0 

^'-26 

2 

5 

33 

.  T 

53 

19 

140 

212 

ELEMENT  VKb) 


TEST    H/V  (Co-ordinates) 
p  =  0.0000- 

CONCLUSION    Question  groups 
1  and  2  represent  different 
subdivisional  skills/ 


(B) 

GROUP 

1 


0 

1 

2 

T 

2 

,  I 

4 

'169  ■ 

174 

1 

1 

3 

3- 

0 

26 

3 

•2 

31 

28 

10 

1-74 

212 

ELEMENT   1/2  ^^^^--^.^^ 
TEST     H/V  (Co-ordinates) 
P  =  0.0008 

CONCLUSION     Question  groups 
1  and  2  represent  different 
subdivisional*  skills. ' 


(D) 

GROUP 
1 


gJ^oup  3 

0  1 

2 

,T  ' 

2 

1 

0 

155 

156 

1 

11 

3 

9 

23  • 

0 

26 

1 

6 

33 

T 

38  • 

4 

170 

i212 

ELEMENT  i/1(b) 

TEST  •  straight  Line/Curve 

p  =  o.pooo 

■C0N(;LUSI0N     Question  groups 
#  * 

1  and  3  represent  different 
subdivisional  skills. 
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TABLE  9/56 


-  392 


GROUP 


GROUP  2 


.  (A)  . 

GROUP 
•2 


0 

1 

2 

T 

2 

.3 

2 

135 

140 

1 

^_ 

6 

11 

•  19 

0 

-t — 

34 

7 

■  12 

53 

T 

39 

15 

'  158 

212 

ELEMENT  l/KB) 

TEST    straight  -Line/Curve 

p  =  0.0000 

CONCLUSION    Question  groups 
2  and  4  represent  different 
subd'ivisional  skills. 


(C) 


GjROUP 

1' 


0 

-1/ 

2 

x 

2 

6 

h. 

119 

129 

1 

6 

4- 

'13 

23 

0 

43 

5 

12 

60 

T 

55 

13 

'  144 

212 

^ELEME-NT— iT^l  (a) 

/^TEST    straight  Line/Curve 

P  =      0.0000  * 

CONCLUSION    Question  groups 
1  and* 3  represent  different 
su^jdivisional  skills. 


\ 


(B) 

GROUP 

1 


0. 

1 

2 

T 

2 

6 

•8 

115 

129 

1 

9 

"1 

13 

.*  23 

0 

32 

.  9 

19 

60 

T 

47 

-18 

147 

.212 

ELEMENT  l/l(A) 

TEST    -H/V  (Co-ordinates) 

P  =  0.0000 

CONCLUSION    Question  groups 
1  and  2  represent  different 
subdiyisionai  skilly.    «  , 

GROUP  4. 


GROUP 

2 


.  0  . 

1 

2 

T 

2 

8 

~0 

■TL^.9- 

_L47  ,  ■ 

1 

B 

.  2 

8 

18 

33 

6 

8' 

47  • 

T 

49 

8 

155 

212 

ELEMENT  i/ka) 

TEST     Straight  Line/Curve 

0..0000 

■ —  ,  < 

CONCLUSION  Question  groups  > 

2  and  4  represent  diflerent 

subdiyisionai  skills. 
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*  * 

• 

■ 

^  393 

TABLE  9/57 

- 

•  ,          ■  (A)  • 

GROUP    2/1  (B) 
0  12 

• 

T 

(B) 

GROUP  2- 
0  1-2 

«*  - 

T 

.    ■  2 

14 

20 

90- 

124 

2 

15 

21 

95 

131  '..            .  "I 

,  .  ..'        GROUP  ^ 

•  ;  2/l(A)-l 

■        "      :     .  0 

.  il 

10' 

6 

27 

•  GROUP-^ 

10 

8 

6 

24  ; 

40 

'  10. 

ll" 

61 

1 

0 

40 

11 

^^^^ 

\  ■ ' 

-  '      :  •  ■  •     '  ^ 

65 

40 

107 

212 

T 

1 

:  65 

40 

107- 

\ 

i212             '          •  . 

\  • 

ELEMENT 

2/1 (A) -2/1 (B). 

ELEMENT 

2/1 (B) 

• 

TEST     Intefpolation/Extr^ipoTatiion  TEST  Line/Points 

■  ■       .*      ^   P  -  o.oopo 

*    P  =  o.pooo 

• 

CONCLUSION     Elements  2/1  (A). 

CONCLUSION 

Question  groups 

and  2/1 (B)  represent  different 

,  1  cind  2  represent  different 

^  .basic  skills. 

'* 

> 

subdivisional  skills. 

GROUP  2 

(D) 

GROUP  2 

—^——7.      (C).     "  • 

0 

1 

2 

T 

0 

1  ■ 

2 

J  ^        '  . 

2 

-.     -l     '  GROUP 

■       1  1 

7 

16 

98 

121 

2 

GROUP 

1 

1 

2 

1 

208 

211 

« 

18  ■ 

.19 

46 

0 

0 

0 

0         '        '  " 

__      _                  -  » 

■  0 

26 

11 

8 

45 

b 

0  , 

1 

0- 

1 

T 

42 

45 

125 

212 

■      •  T 

2 

*2 

208 

212                '  ^ 

■              '  ELEMENT 

3/2 (A) 

ELEMENT 

1/3 

(Retest) 

TES'T     Max./Min.  Values 
V                      P  =  0.0000 

TEST    H/v  (Position)  . 
P  0,0001 

.    '       \^          CONCLUSION   Question  groups 

CONCLUSION   Question  groups 

1  and  2  represent  different 

1  ,and  2  represent  different  > 

 \^jiiMivisipj5a.L.-SkillS;,, 

 subdlvisional^skills 

ERLC            .  ^ 

« 
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\ 

TABLE  9/58 


GROUP  2 


GROUP  2 


(A) 

0 

^1 

2 

T 

~(B)- 

0 

1 

,  2 

T 

161 

167 

2 

0 

"  '6" 

2 

1 

55 

129 

185 

GROjjP. 
1 

1 

',  2 

10 

13 

GROUP  ^ 
"  1  ' 

0 

2 

2 

4- 

0 

31 

,  0. 

1 

.  32 

0 

21 

2 

0 

23  . 

T 

32 

8 

172 

212 

t 

22 

59 

131 

212 

ELEMENT 

1/2 

(Retest) 

ELEMENT 

4/2 

TEST     HA  (Co-ordinates) 
P  "=     0. 1817 

CONCLUSION    Qtaestion  groups 
1  and  2  represent  the  same  . 
subdivisiohal  skill. 


TEST   H/V  (Displacement) 
P'  -  0.9951 

CONCLUSION     Question  groups 
1  and  j2  represent,  the  same 
subdivisional  skill. 


(0 

:  GROUP 

1 


GROUP  '2 


0 

1 

2 

T 

2 

0 

2 

149 

151 

1 

1  . 

9 

6 

16 

0 

39 

4 

2 

45 

T 

40 

15 

157 

212 

ELEMENT  4/1 

TEST     HA  (Displacement)^ 
P  =   0.1318  ^ 

CONCLUSION    Question  groups 
^1  and  2  represent  the  same 
subdivisional  skill. 


(D) 

GRQUP 

1 


GROUP 


-0 

1- 

2 

T 

2 

0 

.  1 

194 

196 

1 

0 

2 

4 

6 

0 

,  8 

0 

2 

10 

T 

• 

.  4 

20b 

212 

ELEMENT    1/1(B)  (Retest) 

\ 

TEST   straight  Line/Curve 

P  =  .0.0139  ' 

'  CONCLUSION     Question  groups  » 
1  and  3  probably  represent  the' 
same  subdivisional  skill. ^ 


4fl6 


TABLE  9/59 


395 
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(A) 

GROUP 


GROUP  2- 

_  0  1 

2 

T  • 

GROUP  2 

0  .  1 

•  2- 

T 

2 

2 

-20- 

187 

209 

2 

4 

19 

95- 

JL18:. 

1 

0 

0 

2 

2 

GROUP 

1 

1 

13 

9' 

is" 

40 

0. 

1' 

6^ 

0 

l" 

0 

48 

•  3 

"a" 

.  54 

T 

-  3 

20 

*  189 

212 

T. 

.65-. 

V 

•  116 

'212 

r 

ELEMENT    6/5  (b) 
TEST — 'Nirnerical  -Range-'^^c^  ^ ^ 
P  0M270 

CONCLUSION'    Questiqn  groups 
1  and  2  represent  the  same  ' 
subdivisional  skill. 


(C) 


GROUP 

1 


GROUP  2 


0 

1 

2 

T  , 

2 

3" 

'11 

•  50 

''64 

1 

"•7- 

6 

24 

37 

0 

103 

■  3 

5 

111 

T 

113 

20- 

79 

212 

■ELEMENT  6/2 

TEST    straight  Line/Curve 

p  .=     0.0023  ,  • 

CONCLUSION    Question  groups 
*1  and  2  represent  different 
subdivi^sional  skills. 


ELEMENT  6/3 (a) 

-  TEST      straight  Line/Curve 
*  **" 

P  =  6.0220' 

CONCLUSION    Question  groups 
1  and  2  probably  represent  the 

same  subdivisional  skill. 

1  / 


(D)  . 

GROUP 

I- 


GROUP 


\ 

0 

1 

2 

■  T 

1 

2 

3 

8 

31 

42 

1 

1.1 

•  7- 

•  11 

29 

0 

.  i-29 

9 

*  3 

14i 

T 

143 

24 

45 

212 

ELEMENT  6/1 

TEST  '  Stiraiijht  Line/Curve 

P  -  0.0035 

CONCLUSION    Question  groups 

1  ax)d  2  »may.  represent  the  same*" 

•J- 

subdivisional  skill. 
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FIGURES'  9. 3-9 ,8 


*  Outline  df  the  Validated  Learning  Hierarchy  for 
,  Queensland    (Programme  I) 


PRELIMINARY  NOTiTS     *  .        v       *  *   *  • 

1.    The  classification  code  for  each  basic  skill  ^is  outlined^n  TahJes 
5/4-5/10 ,  and  abbreviations  used  for  the  relevant  subdivisional 
-   conditions  are  listed  in  the  preliminary  -notes  for  Tables  6/4-6/25,. 

2w    Lines  representing  hierarchical  connections  are  classified 
•according  to  the' following  key.*         *  '  > 


Connection  accepted  as  valid  at  the 

absolute  Ho  level*  , 

I 


Connection  accepted  as  valid"  at 
weaker  (0.01  and  0.02)  Ho  lev^als. 


Connection  rejected  as  invalid ^at  all  three 
specified  Ho  levels. 


t  

! 


m 


FIGURE  9*3 


1 


•  J 


i/ia)4i/G, 


1/1(B)-H/S 


1/2-1  r 


171(B)'-Y/C 


•  r 


1/3-H 


1/3-V 


FIGURE  9.4 


r 


»  4 


3/2(A)-Max 


3/2(A)-riiN 


3/2.(B) 


ERIC 


410 


399 


411 


FIGURE  9.7 


400 


/ 
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ERIC 


FIGURE  9,8 


402 

FIGURES  9.9-9-14 


'     Outline  of  the  Validated  Learning  Hierarchy  ^or 
South  Australia     (Programme  I)  ^ 


PRELIMINARY  ^NOTES 

1.  "rhe-classification  code  for  each  basic  skill  is  outlined  in  Tables 

5/4-5>/10r  ^nd^abbreviations  used  for' the  relevant  subdivisional 
conditions  are  listed^-in^the  preliminary  notes  for  Tables  6/4-6/25, 

2.  The  lines  representing  hierarchical  connections  are  classified 
according  to  the  following  key.  ^  -  


Connection  accepted  as  valid  at  the 


absolute  Ho  level. 


Connection,  accepted  as  valid  at  • 
weaker  (0.01  and  0.02)  Ho  levels. 


Connection  rejected  as  invalid  at  all  three 
specified  Ho  levels. 
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1/3-H 


1/3-V 
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FIGURE  9.10 


FIGURE  9.11 


"  3/1 

3/2 (A) -Max 

3/2(A)-MiN 

1/1(A)-V/C 

1/2-V 

3/2(B) 


FIGURE  9.12 
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FIGURE  9.13 
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FIGURE 
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CHAPTER  X 


THE  EFFECTS  OF  DIFFERENT  CULTURAL  BACKGROUND 


ON  THE^  POSTULATED  LEARNING  HIERARCHY 


t 


\ 


\ 


\ 


ERIC 


.     n  409 
1.     Introduction  and^C^neral  Background" 

(Much  of  the  followingVackgrourjd  information  was  derived  froT 
an  .unpublished  information  '^hualetiri  prepared  "by  the.  Papua/New  Guinea 
Education  Department  in  197^and  held  in  the  Research  Library,  Konedobu, 
Port  Moresby.      OtlWi'i^^rttrces  of  informatio'n  are  specified  at 
appropriate  points,  and  listed  in  the  final  Reference  section.) 

The  first*  substantial  administrative  influence  of  Western 

^ 

civilisation  in  Papua/New  Xauinea  probably  began  in  1884  with  tl)e,  •  ^ 
independent  proclamation  of  Papua  and  New  Guinea  respectively  as 
British  and  German  Protectorates.,^-   In  1920,  however,  these  two 
territories  were  joined  under  Austral4.an  administration,  and  have 
remained  so  until  th^e  pr:esent  eve  of  independence, ^although  a  considerable 
degree  of  self-government  has  already  been  in  force  for  several  years. 
The  most  significant  Australian  influence  on  Paj)ua/New  Guinea,  . at 
least'  in  economic  terms.  Was  probably  initiated  only  during  the  years 
of  post  war  reconstruction  (since  1945) ,  and  thus  there  has  been 
relatively  little  opportunity  for  the  development  of  educational 
resources  on  a  national  scale,  so  that  many  indigenous.,  communities 
have  only  recently  been  exposed  to  any  formal  education  in  i:he ^Western 
or  European  sense. 

The  indigenous'  inhabitants  of  Papua/New  Guinea  comprise  an 
extremely  large  number  of  different  language  and  cultural  groups ,  often 
located  in  remote  jungle  areas, and  this  has  caused  serious  problems  in 
the  development  of  a  ccamtion  educational  system.  Magico-religious 
beliefs  are  an  integral  part  of  the  traditional  indigenous  cultures. 


and  these^re  both  numerous  and  diverse  in  character.      Many  of  the 
people  have  also  been  receptive. to  the  evangelistic  work  of  the  ^ 
Christian  missions,  who  have  for  many  years  p^layed  a  significant  role 
in  the  establishment  of  primary,  and  to  a  lesser  degree . secondary 
education  xn  the  country.      From  the  range  of  approximately  700 
indigenous  languages,  Pplis  Motu  and  Melanesian  Pidgin  are  probably 
the  most  widely  understood,  although  because  of  the  early  British  and 
Australian  influence,  English  has  bfeen  used  as  the  official  language 
of  formal  education.      For  most  indigenous  students,  however,  the  use 
of  English  is  largely  still  restricted  to  the^ school  enviroriaent . 

Because  of  seve're  limitations  in  national  educational  r^esources, 
formal  education  is  not  yet  available  to.  all  school-age^ children  in 

Papua/New  Guinea,"  and  progressively  fewer  people  can  be  accommodated 

»  * 
at  higher  levels,  so  that  the  niamber  of  students  is  controlled  at 

various  stages  by  stringent  selection  procedures,  generally  applied 

on  grounds  of  academic  performance;      With  respect  to  the  indigenous 

population,  only  half  the  number^-of  school-age  children  can  be 

accommodatied  at  primary  school,  and  of  those  %rtio  are  accepted,  less  - 

than  40%  proceed  Jbo.  secondary  school  (Papua/New  Guinea  Education 

—  -        '  " 

Department  -  Official  Statistics  for  1971) .      The  first  stage  of 

secondary  education  extends  for  only  two  years,  at  which  a  further 

(internal)  selection  is  made  for  the  second  two-year  stage.  ^  Beyopd 

this  the  academic  opportunities  extend  to  a,^ingle  senior  high  school 

(forms  ^  and- 6) ,  several  technical  schools,  colleges  and  vocational 

« 

institutes,  and  the  Teachers  College  or  University,  but  the  number  .of 
'  places  (and  students)  at  each  of  these  institutions  is  extremely 
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liirited>      The  same  conditionfiMiCLJlot  necessarily  apply  to  Australian* 
and  European  students  .in  Papua/New  Guinea,  who  norma ily"aBtfend-a. 
J^ited  number  of  urban  schools  which  follow  a  different  (Australia.^) 
curriculum*.  '  •  ,  .  •  . 

Although  the  Papua/New  Guinea  Education  Department  ha^s  outlined 
a  national  curriculum  in  various  subject>  areas  for  both  priinary  and 
secondary  schools,  many  of  these  schools  (particularly"  primary)  follow 
Alternative  Australian  or  Overseas  curricula  (Papua/New  Guinea  Educa.tion 
Department  -  Official  Statistics  1972) ,  and  thus  it, is  impossible  to  - 
define  any  substantial  areas'  of  common  curricular  'experience  for 
students  at^ lower  secondary  levels.      Moreover  for  many  subjects r 

: including  secondary  science  and  mathematics  (see  Education  Department  - 

s       ;*  .      •  «^  . 

Papua 'New  Guinea  1971  for  current  syllabus  outlines)  >  the  nationa^l 

curriculum  has  itself  been  considerably  revised  in  recent  years,  and 

is"  at  present  in  a' more  or  less  transitional  phase*  of  ^general 

implementation.      Certain  topics,  however,  including  those  of  graphical 

interpretation  and**coustructi6n,  have  ;iot  been  substantially  changed 

in  the  new  curriculum,  and, would  therefore  presumably  not  be  affected 

by  the  general  ciArricular  transition.      An  ^otl'tline  of  these  topics 

from  the  high  school  ma thematic^  syllabus  (1971),  is  presented  in  Table 

10/1.      These  .graphical  skills  are  not  explicitly ^reinforced  in  the 

secondary  s6iehce  curriculum,  and  from  informal  disrcussions  with 

y 

teachers  at  the  various  schools  participating  in  this  study,  are  often 
somewhat  neglected  even  in  mathematics. 

It  should  be  evident  from  the  discussion  above  that  the  present 
general -cultural  and  educational  environment  in  Papua/New  Guinea  is 
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TABLE  10/1      ^  ^,       *    \  ,  . 

Outline  of  Graphical  Skills  for  the  Secondetry  Mathematics  0«rriculvun 

■•     in.  Papua/New>Guinea  .        ir  •  . 

■  ■  ■        '  V 

 i  1  1 

FORM  GRAPHICAL  SKILLS 

'    -  "  It* 

*     I  ^        ^   ^  ^  *    1  ^ 

*  "1  GeiK^ral  introduction  to  various  graphical  fbnrys, 

including  pictographs,  bar  and  column  graphs ,  .  i 

line- segment  graphs  and  circle  or  sectpr  gVaplis. 

(Emphasis  on  interpretation  rather  than  ^ 

constructionV  ,  1^ 

.     '  ■        .  '  •      )  ■      ■   ■  ^ 

K    2  Construction  of  circle graphs,  and  interpretation' 

^  ^  of  straight  line  travel  graphs  introducing  the 

concepts 'of 'rate  and  continuity. ir 

, ,  \^  *       p      •  . 

Conversion  graphs  and  the  mapping  of  co-ordinate\ 

pairs.     .Construction  and*  interpretation  of 

simple  linear  and  quadratic  functions,  including 

intfercept  and  gradient  for  straight  line  graphs. 

Graphical  representation  and  the  solution  of 
various  3.inear*and  quadratic  funct^S«,  including 
qircles.  and  conical  sect^-ons,  with  .emphasis  on 
interpretative  rather  than  constructional  skills. 
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completely  different  from  that  existing  in  Australia,  and  this  difference 
has  often  been  expressed  in  previous  educational  reviews  and  research 
reports  (see  Drover  1967,  Prince  1969,  Joynt  1969  and  Johnson  1968) •  • 
Although  there  may  be  certain  common  features  in  specitic  school 
curricula,  which  have  largely  been  prepared  by  Australian  and  Overseas 
expatriate  teachers,  there  is  still  a  unique  and  overriding  ^influence 
of  particular  national  needs  and. personal  characteristics* arising  from* 
the  relatively  recent  combination  of  Western  and  traditional  cultures • 
These  things  considered,  it  was  decided  to  examine  the  potential 
application  of  a  common  learning  hierarchy  of  graphical  interpretation 
skills  to  both  Australian  and  Papuan/New  Guinean  students •    '  The 
relevant  Australian  studies  involving  Prograunme  I  have  already  been 
described  in  Chapters  VI  and  IX*      Hie  preparation  and  administration 
of  the  corresponding  validation  study  for  Papua/New  Guinea  is  outlined 
in  section  2  below,  and  the  results  and  implications  are  presented 

> 

in  section- 3, 


2«    Preparation  and  Administ?ration  of  the  Papua/New  Guinea  Validation 
Study   (Proqramme  I)       '  *      /         •  ' 

■  / 

Before  the  major  validation  study  was  undertaken  in  Papua/New 

Guinea,  a  number  of  sfJecific  prepe^rations  and  administrative 

/ 

decisions  had  to  be  made  to  accptint  for  local  difficulties  in  transport 

-  / 

and  'communication  between  widely  separated  schools,  and  for  various 
differences  in  stu'dent  backgrpund,  both  within  the  country  and  in 
relation  to  Australian  studei^ts.      It  was  decided,  largely  for  the 
^^onnor  reason,  to  restrict  t;he  validation  study  to  the  centra],  region 
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(south  coast),  v*iere  a  sufficient  sample  of  indigenous  high  school 
students  could  readily  be  engaged  from  local  schools. 

Since  little  information  was  avail5d)le  on  levels  of  reading  ability 
for  high  school  students  in  Papua/New  Guinea,  the  same  validation 
programme  was  applied  (Programme  I)  as  that  used  previously  for 

Australian  students •      A  preliminary  test  was  made,  however,  at  three 

J         '  ,  ■  ' 

consecutive  high  school  levels  (forms  1-3)  in  order  to  examine  for 

each  level  the  assumptions  of  equivalent,  or  at  least  comparable  ^ 

reading  ability,  and  thus  to  select  the  most  appropriate  level  or' 

the  major  validation  study.      It  should  also  be  noted,  perhaps,  that 

the  levels  cf  understanding  in  Papua/New  Guinea  for  certain  relevant 

scientific  concepts,  examined  in  a  previous  study  by  Gardner  (1971), 

were  considered  in  the  initial  preparation  of  the  validation  programme, 

although  these  levels  pf  Understanding  ha^  only  been  determined  for 

relatively  senior  high  school  students • 

The  preliminary  test'witn  Validation  Programme  I  in  Papua/New 
Guinea  was  conducted  at  Kwikila  High  School,  and  involved  a  sample  of 
ten  students  at  each  of  three  consecutive  levels  from  .form  1  to  form 
3»      It  was  obvious  from  the  results  of  this  limited  test  that  the 
questions  and  instructions  were  both  poorly  understood  at  the  form  1 
level,  and  that  many  form  2  students  would  also  have  som3  difficulty 
in  comprehension,  so  that  in  spite  of  the  inevitable  differences  in  age 
from  ^the  Australian  student  groups,  form  3  was  selected  as  the  most 
suitable^  testing  level. 

The  major  validation  study  in  Papua/New  Guinea  involved  a  total 
of  200  indigenous  form  3  students  from  all  six  Central  District  high 
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schools  following  the  national  curriculum.      This  sample,  represented 
almost  half  the  total  number  of  indigenous  students  at  that  level 
in  the  Central  District,  and  contained  139  male  and  61  female  students, 
the  combined  group  ranging  in  age  from  13  to  19  years  (taken  to  the 
nearest  year)  with  a  mean  of  15,5.      The  number  of  students  involved 

from  each  participating  School  is  shown  in  Table  10/2.      Not  oil  of 

/ 

these  schools  were  co-educational,  nor  did  they  represent  the  same 
administrative  authority,  so  that  these  and  other  relevant  characteristics 
aire. also  listed  for  each  school  in  Table  10/2. 

The  conditions  of  administration  for  the  major  validation  study 
in  Papua/New  Guinea  were  similar  to  those  outlined  for  Victorian 
schools  in  Chapter  VI,  and  involved  consecutive  presentation  of  the 
three  constituent  sections,  with  Programmes  Land  II  (the  latter 

J 

discussed  in  Chapter  XI)  given  simultaneously  to  different  students. 

'if' 

The  mean  cdnpletion  times  for  Programme  I  (shown  in  Table  10/2)  were 
not  significantly  different  at  the  0.05  level  from  those  for  Victorian 
form  1  students  (t;-test  for  difference  of  sample  itveans)  ,  in  spite  of 
considerable  differences  in  age  and  nominal  academic^. level.  Moreover 
as  indicated  previously  for  each  of  the  Australian  studies,  the 
working  rate  (based  on  regular  timing  results  for  a  single  class  of 
students)  appeared  to  be  relatively  constant  throughout  the  validation 
programme  (see  Figure  10.1). 


TABLE  10/2 

Sample  Numbers ^  Completion  T.imes  and  High  School  Characteristics  for 


Papua/New  Guinea    (Programme  I) 


HIGH  SCHOOL 
(and  class) 

Number  of 
Students  in 
Sample 

Shortest 
Completion 
Time  (mins.) 

Longest 
Completion 
Time  (mins..) 

Badihagwa 

3A 

19 

62 

109 

3B 

15 

45 

85 

Bomana 

18 

74 

124 

larowari 

3A 

18 

3B 

16 

50 

105 

Kila  Kila 

3A  . 

26 

57 

82 

3C 

18 

45 

91 

Kwikila 

3a 

18 

3B 

16 

47 

88 

3C 

•  16 

Marianvillo^ 

20 

76 

97 

Mean-  Completion  Time 

'   56. C 

97.0 

Standard  Deviation 

11.9 

13.5 

\ 


High  School  Characteristics 


1.  Badihagwa  -  Co-educational  Adminis^tration  (Education  Department) 
day  school  located  within  the  Port\4oresby  district. 

2.  Bomana  -  Catholic  day  and  residential  school  for  male  students 
•  only,  located  close  to  (but  not  within)  Port  Moresby. 

3.  /   larowari  -  Co-educational  Administration  school,  predominantly 

•residential,  and  located  in  a  rural  area  about  15  miles  from 
Port  Moresby. 
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4.  Kila  Kila  -  Co-educational  Administration  day  school  located  in 
Port  Moresby.  '  ;  •  .  ,       .  .-^ 

5.  Kwikila  -  Co- educational  Administration  school,  predominantly 
residential,  located  in  a  rural  area  about  60  miles  from  Port 
Moresby. 

6.  Marianville  -  Catholic  day  and  residential  school  for  female 
students  only,  located  close  to  (but  not  within)  Port  Moresby. 

Each  of  these  schools  covers  only  forms  1  to  4,  and  the  students  at 
each  level  are  streamed  on  the  basis  of  previous  academic  result's. 
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FIGURE  10.1  /' 

_    I  ' 

Progression  Rate  for  Prograinme  I 
(Kwikila  High  School  -  Papua/New  Guinea) 


50r 


100 


l'.      Circles  indicatp  the  mean  number  of  pages  cohpleted  at  specified 
times. 

2.  Vertical  lines  represent  the  appropriate  Standard  Deviation, 

3.  Number  of  studentsvinvolved  =  51. 
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3.    Results  and  Implications  from  the  Papua/New  Guinea  Validation 
Study  (Programme  I)  ■  ,  - 

The  validation  results  for  Papua/New  Guinea  (Programme  I)  were 
subjected  to  the  same  statistical  analysis  as  those  for  the  previous 
Australian  studies,  outlined  in  Chapters  VI-IX,      The  results  of  this 
analysis  are  presented  in  Tables  10/3-10/24,  and  those  for  the 
subsequent  analysis  of  relevant  subdivisional  skills  are  presented 
in  Tables  10/25-10/29. 

Apart  from  area  2,  where  most  of  the  postulated  hierarchical 

connections  were  rejected  as  invalid  at  all  three  specified  Ho  levels 

(see  Figure  10.3),  the  validation  results  for  Papua/New  Guinea  were 

* 

generally  consistent  with  those  from  each  of  the  previous  Australian 
Studies.      The  anomalous  results  for  area  2  were  probably  caused  ,by 
incidental  acquisition  of  the  subordinate  skills  1/1  (A)  and  1/1 (B) 
during  subsequent  attempts  at  more  ccanplex  capabilities,  and  this  is 
shown  by  retest>>^sults  for  element  1/1  (A)  presented  in  Table  10/13  (C). 
The  results  for  areas  1  and  3  (Figures  10.2  and  10-4  respectively) 
wore  more  positive  than  those  for  the  analogous  validation  studies  in 
Victoria  (Chapter  VI)  and  South  Australia  (Chapter  IX),  since  all  of 
the  relevant  connections  were  accepted  as  valid  at  one  of  the  various 
Ho  levels,  and  most  were  accepted  at  the  absolute  level.      The  same 
result  was  reported  for  Prpgramme  I  in  the  Queensland  study  (Chapter 
IX).      All  of  the  postulated  connections  in  areas  4-6  (Figures  10.5- 
10.7)  were  accepted  as  valid  at  the  absolute  Ho  level.      Although  the 
powor  for  th(i.S(i  validation  tests  wars  often  particularly  low,  the 

V 
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conclusions  are  probably  substantiated  by  the  fact  that  each^-of  the 
previous  studies  produced  almost  exactly  the  same  results  for  these 
interpretative  areas. 

The  range  of  difficulty  levels  and  degree  of  response  inconsistency 

> 

were  both  of  a  similar  order  in  the  Papua/New  Guinea  study  to  that 
already  described  for  Programme  I  in  Victoria  (Chapter  VI) /  and  the 
resultant  statistical  problems  wer.e  the  s^e  for  both  validation  * 
studies.      Where  the  difficulty  levels  for  subordinate  skills  were 
exceptionally  low,  the  postulated  connections  could  not  possibly  be 
rejected, .and  the  power  was  unrealistically  high  (se(?^Tables  10/14, 
10/15 (A),  10/20 (B)  and  10/21 (C)).      However  where  the  difficulty  levels 
and  response  inconsistency  were  both  relatively  high,  the  resultant 
statistical  power  was  exceptionally  low. 

The  subdivisional  analysis  results  for  Programme  I  in  Papua/New 
Guinea  were  also  generally  consistent  with  those  for  the  previous 
Australian  studies.      Nb  discrimination  occurred  in  this  cas^^between 
the  postulated  subordinate  skills  for  elements  1/3  and  1/2  in  either 
the  initial  or  retost  si    at ions,  but  this  inconsistency  was  probably 
ottributablo  Uo  tho  very  low  difficulty  levels.      The  rpsults  for 
other  olomcnts  (3/2(A),  4/2,  4/1  and  6/5(B))  in  which  no 
discrimination  occurred  between  postulated  subordinate  skills  were 
consistent  with  analogous  results  from  most  of  the  other  studies. 

This  study  clearly  shows  that  the  same  hierarchical  network  of 
graphical  interpretation  skills,  previously  validated  in  several 
Australian  states,   is  also  valid  for  indigenous  high  school  students 
in  Papua/New  Guinea,  but  at  a  different  age  and  nominal  academic  level. 

!0 
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«  * 

Thus  in  a  limited  sense  this  study  provides  useful  cross-cultural 
evidence  to  substantiate  Gagnfi's  (19C5)  model  of  hierarchical  learning, 
on  which  the  validation  programme  was  originally  based,  although  the 
implications  are  probably  tempered^  by  the  fact  that  the  testing 
population  of  third  form  students  in  Papua/New  Guinea  probably  represents 
an**academic  ^lite.      It  should  also  be  remembered  that  most  of  the 
primary  and  secondary  School  curricula  were  prepared  by  Australian 
and  Overseas  expatriate  teachers,  and  that  most  of  .the  current,  high 
school  teachers  in  Papua/New  Guinea  are  similarly  Overseas  expatriates  ^ 
(Papua/New  Guinea  Education  Department  -  Official  Statistics  1972) . 
These  elements  of  common  educational  influence  in  Austr.alia  and  Papua/New 
Guinea  probably  moderate  the  potential  generalisation  of  this  result, 
but  do  not  diminish  its  importance  in  establishing  a  common  hierarchical 
network  of  basic  intellectual  skills  for  students  with  completely 
different  social  and  cultural  backgrounds. 

Much  of  the  previous  educational  research  in  Papua/New  Guinea  has 
emphasised  the  differences  between  traditional  indigenous  and  western 
cultures.      Prince  (1969),  for  example,  concludes  that  "western 
scientific  concepts  are  almost  non-existent  in  indigenous  culture, 
and  mathematical  concepts  are  demonstrably  even  more  rudimentary," 
and  Johnson  (1960)  alno  claims  that  concepts  such  as  quantity,  space 
ami  tma  "arc-  not  oxpressed  in  indigenous  Now  Guinoan  culture  or  its 
lanquaqcj;."      Tho  emphasis  on  cultural  difforoncos  between  Papua/New 
Guinea  and  othor  countries  has  often  led  to  criticism  of  local 
curriculum  planning  based  on  overseas  experience  (see  King  1970) ,  and 
in  fact  this  approach  to  curriculum  planning  is  rejected  by  Drover 
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(1967)  as  "unreal."     Evidence  from  the  present  study,  however,  suggests' 

^  -  \ 

that  this  approach  is  not  unreal,  and  contrary  to  the  doubt  expresse 

» 

by  King  (1970)  that  children  in  Papua/New  Guinea  would  form 
mathematical  concepts  "either  in  the  same  order  or  way  or  at  the  same 
chronological  age  as  their  counterparts  in  modern  western  society", 
it  scorns  at  least  that* the  order  or  sequence  of  acquisition  with  respect 

to  certain  intellectual  skills  may  be  the  same. 

\ 

In  view  of  the  previous  emphasis  in  Papua/New  Guinea  on  the 
relationship  between  cultural  background  and  concept  development  in 
science  and  mathematics  (see  Drover  1967,  Johnson  1968,  King  1970  and 
Prince  1969),  it  was  decided  to  extend  this  cross-cultural  experiment 
with  a  parallel  validation  study  based  on  a  different  informational  . 
model.      The  second  validation  study,  involving  more  specific  variables 
of  Time^  and  Annual  Birth  Rate  (Programme  II) ,  was  thus  intended  to  ^ 
determine  the  interactivo  influence  of  a  different  cultural  background 


and  specific  informational  model  on  the  postulated  learning  hierarchy 

of  graphiccil  interpretation  skills.      A  comprehensive  outline  of  this 

/ 

study  is  presented  in  Chapter  XI. 
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'  TABLES  10/3-10/24 
Validation  Results  for  Papua/New.  Guinea 
(Programxnfe  I) 


PRELIMINARY  NOTES  .  ' 

1.  The  following: results  are  presented  in  correlation  matrix' form, 
listing  the  number^  of  questions,  correct  for  each  element,  and  the 
appropriate  marginal  totals.; 

2.  The  critical  number  of  exceptions  (C)  permitted  in  the  0/2  cell 
of  the  relevant  correlation  table  is  listed,  together  with  the 

■  appropriate  statistical  power,  for  each  of  the  null  hypothesis 
levels  defined  in  Chapter  VI  (see  preliminary  notes  for  Tables 
6/4-6/25) .  ^ 

3.  The  classification  ccxJe  for  each  element  is  outlined  in  Tables 
5/4-5/10,  and  the  relevant  subdivisional  conditions  are  presented 
in  Tables  6/4-6/25  (preliminary  notes). 


\ 
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TABLE  10/3 


(A)  . 


ELEMENT 

1/3-H 


ELEMENT  1/2-H 
■  0      1      2  T 


17 

10. 

163 

190 

Ho 

C 

Power 

1 

0 

4 

5 

0.00 

3 

1.0000 

1 

1 

3 

5 

0.01 

8 

0;9844 

19 

11 

170 

200 

0.02 

li 

0.8957 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level. 


(B) 


ELEMENT 

1/3-v 


ELEMENT  1/2-v 


0 

1  • 

2 

T' 

2 

16 

10 

165 

191 

1 

0 

0 

.3 

,  3 

0 

3 

.  0 

3 

6 

T 

19 

10 

171 

200 

the  absolute  Ho  level. 


(C) 

ELEMENT 

1/2-v 


ELEMENT  i/i(5)-v/s 


0 

1 

2 

T 

39 

'26 

112 

171 

3 

1 

6 

10 

9 

■4 

6 

19 

51 

25 

124 

200 

Ho 

C 

1 — 

Power 

q.oo 

3 

1.0000 

« 

'0.01 

.8 

0.9865 

0.02 

11 

0.9057 

accepted  as  valid  at 

Ho 

C 

** 

Power 

0.00 

5 

0.9865 

.  0.01 

8 

0.8800 

0.02 

10 

0.7053 

•CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  ^second  (0.01)  Ho  level,  although  the  power  at  this  level  is 

J^elatively  low.  •  436 


(A) 


ELEMENT 

1/1 (B)-V/S 


TABLE  10/4 

■  ELEMENT  i/i(A)-H/s 


.0 

1 

2 

-T 

7 

2 

115 

124 

:  t 

Ho 

c, 

Power 

id 

0 

■  25 

.jO.OO 

9 

0.8636 

42 

•  9 

-  .0 

51 

.  0.01 

11 

0.6872 

59 

.  26 

115 

200 

0.02  - 

13 

0.4643 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute 'Ho- level/  althgugH  the  power  irrelatively  low. 


(B) 


ELEMENT-  i/i(a)-h/s 


2 

45 

20 

106 

-  171 

Ho 

•c 

Power 

ELEMENT 

i/2-v 

t 

i 

3 

2 

5 

JO 

.     .  0.00 

5 

0.9761 

0 

11 

4 

4 

.  19  .  " 

0.01 

.  7 

0.8957 

• 

T 

.  59 

'26 

115 

200 

0..02 

10 

9.6087 

\ 

conclusion  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level.  , 


(0  - 

ELEMENT 

1/2-H 


ELEMENT  i/1(a)-h/s 


0- 

1 

% 

T  ' 

2- 

"43 

18 

109 

170 

1 

6 

3 

2 

11" 

0 

°  10 

4 

19 

T 

59 

26 

115 

200 

H-Q 

c 

Power 

0.00 

-  5 

0.9764 

0.01 

7 

0.8966 

0.  02 

10 

0.6106 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  obsoluto  no  level. 
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TABLE  10/5 


(A) 


ELEMENT 

1/2-H 


ELEMENT  l/i(By-H/s 


\ 

0 

1 

2 

T 

2 

\  22 

21 

127 

170 

Ho 

-  1.  L_ 

Power 

1 

',1 

■  '  5 

11 

0.00 

7 

0.9676 

0 

V 

7 

5 

19 

0.01 

10 

0.'814l 

T 

34 

'  29 

137 

200 

0.02  , 

12 

0.6193 

CONCLUSION  The  j^stulated  connection  is  accepted  as  valid  at 
•  the  absolute 


le'^o'llevel. 


•(B) 


ELEMENT  ' 

l/i(B)-H/S 


ELEMENT  i/X(a)-v/s 


0 

1.  ' 

.2 

T 

2 

9 

4 

124 

137 

K6 

c. 

Power 

1 

10 

•  19 

q 

•  29 

0.00 

0.8410 

0 

28 

6 

0 

'  34 

0.01 

12' 

0.6597 

T 

47 

"  29 

124 

200 

0.02 

14-. 

0.4415 

CONCLUSION  "^^^  postulated  bonnection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  relatively  low. 


(C) 


ELEMENT 

1/2-H 


ELEMENT  i/i(A)-.v/s 


0 

1 

'2 

T 

33 

20 

•  117 

170 

7 

.  1 

3 

11 

7 

8 

4 

19 

47 

29 

124 

200 

Ho  • 

c" 

Power 

0.00 

6 

0.9684 

O.Ol 

8 

0.8799 

0.02 

11 

b.  59.33 

CONCLUSION  The  postulated 'ccnnecti'^n  is  accepted  as  valid  at 
the  absolute  Ho  level,  ^ 
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(A) 


ELEMENT 

1/2-v 


ELEMENT 


0      1       21  T 


n'ftBLE  10/6 
(A)-V/S 


2 

34 

21 

"4" 

171 

Ho. 

c 

Power 

1 

4 

.  1 

— r 

5 

i 

\  • 

10, 

0*00 

6 

0.9670 

0 

9 

7 

0*01 

8 

0,8789 

T 

47 

29 

I24I 

200 

^•02 

11 

0,5913 

CONCLUSION  •  '3^he  postulated  connection  is  accepted  as  v^alid  at 
the  absolui-c  Ho  level.  . 


(B)  . 

\ 

ELEMENT 

1/2-v 


ELEMENT  i/i(B)-v/c 


2 
1 
0 
T 


0 

•1 

2 

T 

> 

r 

27 

14 

130 

171 

.  Ho 

c 

Power 

0 

2 

8 

10 

0.00 

5 

0 • 9977 

8 

1 

10 

19 

0.01 

8 

0^9651 

35 

17 

148 

200 

0.02 

11 

> 

0.8163 

CONCLUSION  The  postulated  connection  is  accepted  ^s  valid  at 
the  third  (0.02)  Ho  level,  although  the  power  at'  this  level  is. 


relatively  low. 


(0 


ELEMENT 

1/1(B)-V/C 


ELEMENT  l/l(A)-H/c 


0 

;\  1 

2 

T 

12 

128 

148 

Ho 

C 

Power 

5 

A 

12 

\  0 

17 

0.00 

6 

0.9842 

34 

1 

35 

0.01 

9 

0.8769 

51 

21 

128 

200 

0.02 

11 

0.7096 

CONCLUSION  The  postulated  connection  is.  accepted  as  valid  at 
the  absolute  Ho  level.  -  ^ 
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.(A) 


„  TABLE  10/7 

ELEMENT  l/l(A)-H/c 
,0      1       2  T 


'2 

36 

19 

116 

171 

Ho 

c 

Power 

•  ELEMENT 

1/2-V 

1 

3 

1 

6 

10 

0.00 

.  4 

0.9967 

0 

12 

1 

6 

19 

'  0.01 

8 

0.9013 

I 

T 

51 

21 

128 

200 

0.02 

10 

0.7445 

CONCllUSION    The  postulated  connection  is  accepted  as  valid,  at 

/ 

the  second  (0,01)  Ho  level/ 


(B) 


element 

1/2-H 


ELEMENT  1/1(a)-h/c 


0 

1 

2 

T 

2 

1  18 

118 

170 

Ho 

c 

Power 

1 

5 

2 

4 

11 

0.00 

4 

0.9967 

0 

12 

.  1  ' 

6 

19 

0.01 

8 

0.9022 

T 

51 

21 

128 

200 

0.02 

10 

0.7462 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  second  (0.01)  Ho  level.  \ 


ERIC 


(C) 


/  2, 
ELEMENT 

— 1 

1/2-H 

/  0 

/ 

T 


ELEMENT  i/1(b)-h/c 


0 

1 

2 

T 

38 

9 

123 

170 

Ho\ 

c 

Power 

4 

0 

/, 

11  . 

0.00 

3 

0.9996 

12 

1 

6 

19 

o.oi 

7 

0.9676 

54 

10 

136 

200 

0.02 

10 

0.8138^ 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
tho  second  (0.01 J  Ho  level. 


TABLE  10/8 


(A) 

ELEMENT  i/1(a)-v/c 
0      1       2  T 

C 

Power 

2 

ELEMENT  ^ 

1/1(B)-H/C 

0 
T 

12 

2 

122 

136       .  Ho" 

5 

4 

1 

10  0-00 

5 

0.9895 

46 

8 

0' 

54  0-01 

8 

0.8973 

63 

14 

123 

200                .  0-02 

■  10 

0.7370 

CONCLUSION  The  postulated  connection  is  accepted,  as  valid  at 
the  absolute  Ho  level.  ^ 


(B) 


ELEMENT 

1/2-H 


ELEMENT  i/l(A)-v/c 


0 

1 

2 

T 

2 

47- 

10 

113 

170 

Ho 

c 

Power 

1 

5 

1 

5 

11  . 

0.00 

3 

0.9987 

0 

"ll 

5 

19 

0.01 

7 

0.9327 

T 

63 

14 

123 

2Q0 

0.02 

9 

0.7991 

CONCL-USION'  The  postulated  connection  is  accepted  as  valid  at 
the  second  (0.01)  Ho  level. 


(C) 

ELEMENT 
1/2-V 


ELEMENT  l/lW\/c 


0 

1 

2 

T 

2 

49 

10 

112 

171 

1 

3 

0 

7 

10 

0 

11 

4 

4 

19-1 

T 

63 

14 

123 

200 

Ho 

c 

Power 

0.00 

3 

0,9987 

"o>(^i 

7 

0,9320 

0.02^ 

0,7976 

CONCLUSION  '^^^  postulated  connection  is  accepted  as  valid  at 
the  second  (0.01)  Ho  level. 
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TABLE  10/9 

(/\)  ELEMENT  2/l(A)-H/p 


0      1       2  T 


2 

21' 

13 

81 

115 

Ho 

Power 

ELEMENT  ^ 

1/1(A)-H/S 

0 

14 

8 

4 

26 

0.00 

10 

0.7338 

30 

10 

19 

59 

0.01 

12 

0.5111 

T 

65 

31 

104 

200 

0.02 

14 

0.2946 

CONCLUSION  The  postulated  connection  is  rejected  as  invalid 
at  all  three  specified  Ho  levels. 


(B) 


ELEMENT  2/1(a)-h/p 
i      1      2  T 


2 

24 

15 

85 

124 

Ho 

c 

Power 

ELEMENT 

l/l (B)-V/S 

1 

16 

4 

5 

0.00 

9 

0.7895 

0 

25 

12 

14 

51 

0.01 

Jl 

0.5744 

T. 

65 

31 

104 

200 

0.02 

13 

0.3456 

CONCLUSION  The  postulated  connection  is  rejected  as  invalid 
at  all  three  specified  Ho  levels. 


(0 


element  2/i(b)-h/s 


0 

1 

2 

T  ^ 

2 

23 

17 

75 

115 

Ho 

c 

Power 

ELEMENT 

1 

1/1 (A)-H/S 

14 

4 

8 

26 

0.00 

9 

0.7488 

0 

35 

9 

15 

59 

0.01 

11  ^ 

0.5198 

T 

72 

30 

98 

2  do 

0.02 

13 

0.2951 

CONCLUSION 

The 

postu 

lated 

' connection 

is  rejected 

as  invalid 

at  all  three  specified  Ho  levels. 
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(A) 


TABLE  10/10 

ELEMENT  2/1(b)-h/s 


0 

-  1 

2 

T 

2 

28 

17 

79 

124 

Ho 

e 

Power 

ELEMENT  ^ 

1/1(B)-V/S 

0 

12 

'  4 

9 

25 

0.00 

8 

0.8108 

32 

9 

10 

51 

0.01 

10 

0.5935 

'  ^T 

72 

30 

98 

200 

o;o2 

12 

0.3556 

"CONCLUSION  The  pos1;ulated  connection  is  accepted  as  valid  at 
the  second  (0.01)  Ho  level,  although  the  power  at  this  level  is 
particularly  low* 


(B) 


ELEMENT 

1/1 (A)-H/S 


ELEMENT  2/1(b)-h/p 


0 

1 

2 

T 

30 

15 

70 

115 

Ho 

c 

POW^R 

17 

3, 

6 

26 

0.00 

7 

0.84^8 

37 

5 

17 

59 

0.01 

9 

0.6317 

'  84 

23 

93 

200 

0.02 

11 

0.3842 

CONCLUSION  The  postulated  connectidn  is  rejected  as  invalid 
at  all  three  specifie(5  Ho  levels. 


(0 

ELEMENT 

1/1(B)-V/S 


ELEMENT  2/1(b)-h/p 


0 

1 

2 

T 

2 

34 

16 

74 

124 

Ho 

c 

Power 

1 

15 

3 

7 

\  25 

0.00 

7 

0.8232 

0 

35 

4 

12 

51 

0.01 

9 

0.5991 

T 

84 

23 

93 

200 

0.  02 

10 

0.4720 

CONCLUSION  The  postulated  connection' is  rejected  as  invalid 
at  all  three  specified  Ho  levels. 
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432 


(A) 


ELEMENT 

1/2-V 


TABLE  10/11 

ELEMENT    3/2  (A) -Max. 


0 

1 

2 

T 

Power ^ 

30 

31 

91 

152 

Ho 

c 

9 

3 

5 

17 

0.00 

9 

0.7664  \ 

12 

6 

13 

31 

0.01 

11 

0.5429 

51 

.40 

X09 

200 

0.02 

13 

0.3160  1 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  third  (□•02)  Ho  level,  although  the  power  at  this  level  is 


extremely  low 

(B) 


/ 


ELEMENT     3/2  (A) -Max. 


ELEMENT 

1/1 (A)-V/C 


0 

1 

■  2 

T 

32 

29 

95 

156 

8 

3 

7 

18 

11 

8 

7 

26 

51 

<:40 

109 

200 

\ 


Ho 

c 

1 

Power 

0.00 

9 

0.7309 

/ 

0.01 

10 

/o,6178 

0.02 

12 

0,3800 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  relatively  low. 


(C)  .  ' 

ELEMENT 
1/2-v 


ELEMENT  3/2(A)-Min. 


0 

1 

2 

T 

30 

39 

83 

152 

Ho 

c 

Power 

8 

3 

6 

17 

0.00 

11 

0.4469 

13 

9 

9 

31 

0.01 

12 

0.3323 

51 

51 

98 

200 

0.02 

14 

0.1557 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  particularly  low. 
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433 


(A) 


ELEMENT 

1/1(A)-V/C 


■  TABLE  10/12 

ELEMENT  3/2(A)-Min. 


0 

1 

2 

T 

32 

38 

86 

156 

Ho 

c 

Power 

6 

5 

7 

18 

0.00 

10 

0.5024 

13 

8 

5 

26 

0.01 

11 

0.3802 

51 

51 

98 

200 

0.02 

13 

0.1835 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  particularly  low. 


(B) 


element 

3/2  (B) 


element  3/1 


0 

1 

2 

T 

56 

79 

43 

178 

•  Ho 

c 

Power 

2 

2 

2 

6 

0.00 

9 

0.0063 

5 

10 

1 

16 

0.01 

10 

,0.0021 

63 

91 

46 

200 

0.02 

10 

0.0021 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  extremely  low.. 


(C) 


ELEMENT  3/1 
0        1      2  T 


2 

30 

51 

28 

109 

Ho 

c 

Power 

ELEMENT 

1 

13 

20 

7 

40 

0.00 

20 

0.0016 

3/2 (A) -Max. 

0 

20 

20 

11 

51 

0.01 

20 

0.0016 

T 

63 

91 

46 

200 

0.02 

20 

0.0016 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  ati 
the  absolute  Ho  level,  although  the  power  is  extremely  low. 
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TABLE  10/13 


434 


(A) 


ELEMENT 

.3/2  (A)-Min. 


.ELEMENT  3/1 


0 

1 

2 

T  • 

1 

31 

44 

23 

•88 

Ho 

c 

Power 

14 

22 

15 

51 

0.00 

20 

0,0020 

.  18 

25 

8 

51 

0.01 

20 

0.0020 

63 

91 

46 

200 

0.02 

20 

0.0020 

CONCLUSJON  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ilo  level,  although  the  power  is  extremely  low. 


(B) 


ELEMENT 

1/2-V 


ELEMENT     l/2-V  (Retest) 


0 

1 

2 

T 

2 

19 

13 

139 

171 

Ho 

c 

Power 

1 

1 

6 

10 

0.00 

5 

0.9983 

0 

9 

3 

7 

— r— 

19 

0.01 

9 

0.9451 

T 

31 

17 

152 

200 

'-     '  0.«-2- 

-Id 

0-.8421 

CONCLUSION   This  skill  was  not  acquired  by  any  significant 
proportion  of  students  in  the  process  of  attenpting  more  complex 
capabilities. 


(C) 

ELEMENT 

1/1 (A)-V 


ELEMENT     1/1(A)-V  (Retest) 


0 

1 

2 

T 

5  ' 

4 

114 

123 

Ho 

c 

Power 

3 

4 

'7 

14 

0.00 

13 

0.9057 

18 

10 

35 

63 

0.01 

15  . 

0.7857 

26 

18 

156 

200 

0.02 

17 

0.6136 

CONCLUSION  This  skill  was  acquired  by  a  significant 
proportion  of  students  in  the  process  of  attempting  more  complex 

capabi licies.  J 
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TABLE  10/14 

(A)  ELEMENT  4/2-H 


ELEMENT 
4/3  . 


0 

1 

2 

T 

2 

13 

6 

176' 

195 

Ho. 

c 

Power 

1 

1 

0 

•  3 

4 

o.po 

1 

1.0000 

0 

1 

.  0 

0 

1 

0.01 

7 

0.9969 

T 

15 

6 

179 

200 

0.02 

11 

0.9369 

CONCLUSION     The  postulated  connection  is,  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  unrealistically  high. 


(g)  ELEMEr'"  4/2-v 


ELEMENT 
4/3  - 


0 

1 

2 

T 

2 

12* 

47 

136 

195 

Ho 

c 

Power 

1 

1 

1- 

2 

4 

Ot  00  ' 

4 

0^7485 

0 

1 

0 

0 

1 

0.01 

5 

0.5930 

T 

14 

48 

138 

200 

0.02 

7 

0.2860 

CONCLUSION     The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  unrealistically  high^ 


(C)  ELEMENT  4/2-h 


ELEMENT 

1/3-H 


0 

1 

2 

T 

2 

13 

6 

177 

196 

.Ho 

c 

Power 

1 

1 

0 

1 

,  2 

0.00 

2 

1.0000 

0 

1 

0 

1 

2 

0.01 

7 

0.9969 

T 

15 

6 

179 

200 

'  0.02 

11 

0.9373 

CONCLUSION    The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  unrealistically  high* 

417  \ 


(A) 


TABLE  10/15 

ELEMEMT  V2-v 


t 

2 

12 

47 

137 

196 

Ho 

c 

Power 

ELEMENT 

1/3-V 

1 

1 

1 

1 

3 

0.00 

4 

0.7482 

0 

1 

_  0. 

0 

1 

0.01 

5 

0.5926 

f 

T 

14 

48 

138 

200 

0.02 

7 

0.2856 

CONCLUSION    The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  i^fij^el,  although  the  power  is  unrealistically  high 


(B) 


ELEMENT 

4/2-H 


ELEMENT  4/l-H 


0 

1 

2 

T 

11 

25 

143 

179  * 

Ho. 

c 

Power 

3 

0 

3. 

6 

0.00 

9 

0.8964 

9' 

5 

1 

15  - 

0/01 

11 

0.7448 

23 

30 

147 

200 

0.02 

13. 

0.5338 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  relatively  low. 


(C) 


ELEMENT 

4/2-V 


ELEMENT  4/i-v 


0 

1 

2 

T 

11 

21 

106 

138 

Ho 

c 

Power 

3 

6 

39 

48 

0.00 

13  s 

0.7117 

8 

5 

1 

14 

0.01 

15 

0.5082 

22 

32 

146 

200 

0.02 

17 

0.3098 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  relatively  low. 


AS 


(A) 


ELEMENT 

1/2-H 


TABLE  10/16 

•ELEMENT  4/1-H  . 


0 

1 

2 

T 

c 

2 

11 

25 

141 

177 

'  Ho 

C 

Power 

1 

4 

2 

4 

10 

0.00 

8 

0.9346 

0 

8 

'  .  3 

2 

13 

,  0.01 

10 

0.8121 

23 

39 

147 

200 

•  •  0.02 

12 

0.6164 

CONCLUSION     The  ppstulated  connection'  is  accepted  as  valid  at 


the  absolute  Ho  level. 


(B) 


ELEMENT 
1/2-V 


ELEMENT  4/1-v 


0 

1 

2 

T  , 

2 

11 

26 

134 

171 

Ho 

c 

Power 

1 

■5 

'  1 

11 

17 

0*00 

  -v- 

9  ^ 

0,8681 

0 

6 

5 

1 

12 

0.01 

11 

0^6945 

T 

,  22 

32- 

^146 

200 

0^02 

13 

0:4729 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  relatively  low. 


(0 


ELEMENT 

5/4 (A) 


ELEMENT 

V3  (A) 

0 

1 

2 

T 

•>  8 

8 

177 

193 

Ho 

C 

Power 

0 

0 

2 

2 

0.00  . 

4 

0.9998 

2 

2 

1 

5 

0.01 

8 

0.9851 

10 

10 

180 

200  * 

0.02 

11 

0.8988 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level. 


(A) 


ELEMEIjIT 

5/3 (A)  1 


TABLE  10/17 

ELEMENT   5/2  (a)  ^ 


0 

1 

■2- 

T  ' 

±  J.  V 

'1 

57 

180 

C 

Power 

8 

.  ,1 

1 

10 

0.00 

,  2 

0,/9316 

9 

1 

0 

10* 

0.01 

4 

0,6920 

^121 

15 

.  58 

200 

0.02 

6 

0,3622 

/ 

•  * 

CONCLUSION  The  postulat.ed  connection  is  acceptedxas  valid  at^ 
the  5d5s6lute  Ho  level.  * 


(B) 


ELEMENT   5/2  (fi) 


0 

1  ' 

■2  / 

'  1  ^ 

2 

76 

11 

,50 

137 

C 

Power 

ELEMENT 

1 

12 

1' 

'  5 

.  18  * 

0.00 

3 

0.8593 

4/l-H 

0 

39 

3 

3 

45. 

0..01 

5 

0.5688 

1 

127 

15 

58 

200 

.0.02 

7 

0.2642 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  tlje  power  is  relatively  "low.  / 


(0 


ELEMENT 

4/l-V 


ELEMENT    5/2  (a) 


0-  ■ 

'   .1  ' 

'  2 

T 

\ 

-  66- 

10 

46' 

122. 

Ho  . 

* 

Power 

26 

2 

10 

,  38' 

6\Jio 

6 

0.5222 

35 

3 

2 

40 

/.ol, 

.  7 

0.3710 

127 

15 

58i( 

1 

200 

0.02 

^  8 

0.t242e 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at^ 
the  absolute  Ho  level /  although  the  power  is  particularly  low. 
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(A) 

ELEMENT 

5/3  (B) 


TAIU.I-:  JO/10 

t 

ELEMENT     5/2  (b) 


0 

1 

2  . 

T 

13 

6 

99 

118 

13 

xO 

7 

30 

47. 

4 

1 

52 

73 

^20 

107 

200 

^439  ; 


Ho 

c 

Power 

0.00 

8^ 

0.8749 

0.01 

10 

,0.6964 

0.0^ 

5  12 

p. 4660 

CONCLUSION  The  postulated  conne.ction  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  relatively  low. 


(B) 


ELEMENT 

1/1(B)-H/C 


ELEMENT    5/2  (b)  " 
0      12  T 


the  absolute  Ho  level. 

.N.  " 
•(C)  . 

ELEMENT 

5/2 (B) 


52 

17 

,102 

171 

5 

,2 

1 

12 

1  

16 

1 

0 

.17 

7/ 

_  20 

107 

200. 

1 

ELEMENT 

.5/1 

0 

1 

2 

.  t  ■ 

48 

""39 

20 

I07 

16 

-  3-. 

1 

'  20 

61 

12 

•  0 

73 

125 

54 

21 

200 

Ho 

•c' 

Power' 

o.oq 

3 

0.9950  . 

0.01 

•6 

0.9171 

0.02 

9 

0.6389 

accepted  as  valid  at 

Ho' 

• 

c 

Power 

.0.00.^ 

9  • 

0.0060 

0.01 

9 

:0.006Q 

0.02 

9 

t).0060 

conclusion  The  postulated  connection' is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the/ power  is  extremely  low. 

'  ■'  \   dm  . 


(A)  \ 


5/2  (A) 


'TABLE  10/19 


ELEMENT 

5/1 

• 

0 

1  ► 

.  2 

T 

• 

• 

-  ■  2 

24 

23 

•17 

■64 

Ho  ' 

c 

Power 

'  1 

19 

12 

3 

34 

"  0.00 

'  .11 

0.0072 

0' 

92 

19 

-  h 

102 

O'.Ol 

12 

0.0027 

T 

125.. 

,  54 

21 

200 

0.02  . 

12 

0.0(>27 

CONCLUSION  .  The  postula^ted^  connection ^is -accepted  as  valid  at' 
^the  absolute  .  Ho  level  #  althov.gh' the  power"  is  extremely  low. 


(B) 


ELEMENT 

4/i-H 


ELEMENT    4/1-H  (Retest) 


0 

1 

2 

T 

•  2 

18 

11 

118 

147  •  . 

Ho 

C  • 

Power 

1 

li 

5 

14 

30 

0.00 

7 

0.9830 

0 

2 

.  5 

23 

•   '  o.oi; 

io 

•0.8808 

45 

"  .18 

137 

200 

0'.  02 

12 

0.7246 

CONCLUSION     This- 3kill  was  not  acquired  by  any  significant 
proportion  of  students  in  the  process  of  attempting  r.oze  complex 
capabilities.  |  .>     -  . 


(0 

ELEMENf 
4/1-v 


ELEMENT    4/l-v  (RetestT 


1 

T 

; 
} 

^  15 

•27 

,104 

146.  ^  ^ 

Ho 

c 

Power 

1 

8 

14 

"132 

:  •  :6'!oo 

10 

0,7820 

i9 

17 

1 

.  4 

22 

0.01 

12 

0.5739 

T 

^•^0 

38 

l22 

.  200 

0.02 

14 

0,3528 

COHCLUSIO/I     This  skill  was  not  acquired  by  any  significant 
proportion^  of  students- in  the  process  of  attempting  more  complex 

capabilities. 


2 


(A) 


ELEMENT 

5/2 (A) 


\ 

TABLE  10/20 

f 

ELEMENT    5/2  (A)  (Retest) 


.  0 

1 

2 

T 

3 

6 

49 

58 

,  Ho- 

Power 

1 

4 

•  10 

15 

0.00 

11 

q.,2218 

98 

•  24 

5 

127 

0.01 

V  12 

0^1412 

1©2 

34 

64 

200 

0.02 

i3 

\ 

0.08^4 

\ 

CONCt^USlON      This  skill  was  not  acquired  by  any  significant  \ 
proportion  of  students  in  the  process  of  attempting  more  complex 
-capabilities. 


(B). 

ELEMENT 

6/4 (B) 

-\ 

0 

1  ^ 

2  . 

.  T 

2 

7 

5 

185 

197 

Ho 

c 

Power 

ELEMENT 

6/5  (B) 

1 

0 

2 

2 

0.00 

2 

1.0000 

0 

1 

0 

0 

1 

0.01^ 

7 

0.9973 

T 

8 

 ' 

5 

187 

200 

6.02 

11 

0.9436 

CONCLUSION      The  postulated  connection  is  accepted  as  valid  at 
the  absolute. Ho  level,  a"*  though  the  power  is  unrealistically  high. 


(C) 

eVement 

6/4 (B) 


ELEMENT    6/3  (b) 


0 

,  1 

,2 

T 

2 

27 

11 

149 

187 

Ho 

c 

Power 

1 

4 

0 

1 

5 

0.00 

2 

1.0000 

0 

7 

0 

1 

8 

0.01- 

7 

0.9844 

T 

38 

11 

151 

200 

0.  02 

10 

0.8875 

CONCLUSION  The  postulated  connection  is  accepted  as  valid,  at 
the  abb*o]utn  Mo  ]ovg1.  " 


tab^j:  10/21 

7 


A 


442 


\nJ 

ELEMENT 

6/2-S  ' 

/ 

.  0 

1 

2 

T 

;   .  / 

2 

32 

32 

63 

127 

c 

Power 

ELEMENT 

1 

11 

•8 

0 

19 

o^/oo 

8 

0.3592 

* 

6/3  (B) 

,  0 

52 

2 

.  0 

54 

0.01 

/ 

9 

0,2391 

T 

95 

42 

63 

200 

/0.-02  _ 

10 

'0.1477 

j 

CONCLUSION  The  postulated  connection  i^s  accepted  as  valid  at 
the  absolute  Ho  level,  although  *the  power/ is  particularly  low. 


element  6/2-s 

1      2  T 


/ 


2 

1^30 

16 

63 

109 

ELEMENT 

1 

\.  27 

26 

0 

53 

6/3  (A) 

d 

38 

0 

0' 

38 

95 

42 

63 

200 

Ho 

C 

Power 

0.00 

11 

0.1765 

0.01 

12 

0.1075 

6.02 

13 

0.0614 

CONCLUSION  1  The  postulated  conne^ction  is  accepted  as  valid  at 
the  absolute  Hp  level,  although  the  power  is  extremely  low. 


(C) 

ELEMENT 

6/5  (B) 


•ELEMENT 
o\  1 

6/2- 
2 

S  ; 

2 

88  ' 

41 

.6a 

190/ 

Ho 

C 

Power 

1 

5 

r 

2 

i 

8 

0.00 

2 

0.9278 

0 

2 

0 

2 

0.01 

4 

0.6811 

T 

95 

4A 

63 

1 

200 

0. 02 

6 

0.3500 

CONCLUSION     '^^^  postulated  Connection  is  accepted  as  valid  at 
the  absolute  Ho  level , \although  the  power  is  unrealistically  high. 


(A) 


ELEMENT 

6/3  (B) 


TABLE  10/22 

ELEMENT  6/2-c 


0 

1 

2 

T 

.  40 

18 

78 

136 

Ho 

c 

Power 

9 

1 

0 

10 

0.00 

4 

0,9151 

52 

2 

0 

54 

0,01 

6 

0,7143 

101 

21  . 

78 

200 

0-02 

8 

"*0,4342 

CONCLUSION  The  postulated  connection  is  accepted  as > valid  at 
the  absolute  Ho  level. 


(B) 


ELEMENT 

6/3 (A) 


ELEMENT  6>^2-c 


0 

1 

2 

T 

33 

9 

78 

120 

Ho  ^ 

c 

Power 

13- 

12 

o' 

25 

0.00 

6 

0.7726 

55 

0 

0 

55 

0.01 

8 

0.5092 

101 

21 

78 

200 

0.02 

9 

0.3750 

443 


CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  relatively  low. 


KIC 


(C) 

ELEMENT 

6/5 (B) 


ELEMENT  6/2-c 


0 

1 

2 

T 

2 

94 

■21 

•75' 

190 

•Ho 

c 

Power 

1 

5 

0 

3 

8 

0.00 

2 

0.9837 

0 

2 

0 

0 

,  2 

0.01 

5 

0.7820 

T 

101 

21 

78 

200 

0.02 

7 

0.5019 

CONCLUSION     The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  unrealistically  high. 
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(A) 


ELEMENT 

6/2-S 


ELEMENT  6/l-n/s 


0 

1  . 

2 

T 

36 

12 

15 

63 

Ho 

Power 

29 

3 

10 

42 

-  0.00 

8 

'  0.0355 

89 

a. 

2 

95 

0.01 

8 

0.0355 

154 

19 

27 

200 

0.02 

9 

0.0145 

CONCLUSION    The  postulated  connection  is  accepted  as  valid  at 


the.  absolute  Ho  level,  although 


the  power  is  extremely  low. 


(B) 


ELEMENT  6/1-h/c 


0 

1 

2 

T 

2 

41 

12 

25 

78  ■ 

Ho 

Q 

Power 

ELEMENT 

1 

16 

3 

2 

21 

0.00 

5 

0.1270 

6/2-C 

p 

97 

3 

'1 

101 

0.01 

5 

0.1270 

T 

154 

18 

28 

200 

0.02 

6 

0.0558 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  extremely  low. 


(C) 


ELEMENT 

1/1(B)-H/S 


ELEMENT  6/1-H/s 


0 

1 

2 

T 

2 

139 

18 

27 

184 

1 

8 

0 

0 

8 

0 

7 

1 

0 

8 

T 

154 

19 

27 

200 

Ho 

c 

Power 

0.00 

1 

0,5002 

O.Ol 

2 

0,2789 

0.02 

3 

0,1314 

accepted  as  valid  at 
is  particularly  low. 
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TABLE  10/24 


445 


(A) 


ELEMENT 

1/1(B)-H/C 


ELEMENT  6/1-H/c 


0 

1 

2 

T 

.142 

18 

28 

188 

Ho 

c 

Power 

8 

0 

0 

8 

/-'^^  0.00 

1 

0.7645 

4 

0 

0 

4 

0*01 

3 

0.2992 

154 

18 

28 

200 

0.02 

4 

0.1451 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  relatively  low. 


(B) 


ELEMENT 

6/3 (C) 


ELEMENT  6/2-s 


0 

1 

2 

T 

27 

13 

62 

102 

Ho 

c 

Power 

23 

29 

1 

53 

0.00 

< 

11 

0.2207 

'  45 

0 

0 

45 

0.01 

12 

0.1404 

95 

42 

'63 

200 

0.02 

"13 

0.0838 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  extremely  low. 


(C) 


ELEM^ENT 
6/3 (C) 


0 

ELEMENT  6/2-c 


0 

1 

2 

T 

27 

3 

78 

108 

Ho 

c 

Power 

18 

0 

34 

0.00 

8 

0.6007 

0 

0 

58 

0.01 

9 

0.4672 

101 

21 

78 

200 

0.02 

0 

10 

0.3413 

CONCLUSION  "^^^  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  particularly  low. 
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TABLES  10/25-10/29 
Subdivisional  Analysis  Results  for  Papua/New  Guinea 
(Programme  I) 


PRELIMINARY  NOTES  . 

1.  The  following  results  are  presented  in  correlation  matrix  form, 
listing  the  number  of  questions  correct  for  each  element,  and 
the  appropriate  marginal  totals. 

2.  The  classification  code  for  each  element  is  outlined  in  Tables 
5/4-5/10,  and  a  list  of  the  relevant  subdivisional  question 
groups  is  presented  in  Table  6/2. 

3.  P  represents  the  combined  probability  that  the  observed  number 
of  students  in  the  0/2  and  2/0  cells  could  have  occurred  through 
chance  (or  errors  of  measurement)  under  the  null  hypothesis 
that  no-one  can  possess  only  one  of  the  relevant  subdivisional 

-  skills  without  also  having  the  other. 
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1 


TABLK  10/25 


GROUP  2 


GROUP  2 


(A) 

GROUP 
1 


0 

1 

2 

T 

2' 

■  ■  0 

1 

189 

190 

1 

1 

2 

2 

5 

0 

5 

0 

0 

5 

T 

6 

3 

191 

200 

ELEMENT  1/3 

TEST    H/V  (Position) 

P  =  1.0000 

CONCLUSION    Question  groups 
1  and  2  represent  the  same 
subdivisional  skill • 


(C) 

GROUP 

1 


GROUP  2 


0 

1 

2 

T 

2 

11 

15 

111 

137 

1 

17 

6 

6 

29 

0 

23 

4 

7 

34 

T 

51 

25 

124 

200 

ELEMENT  i/i(b) 

TEST    H/V  (Co-ordinates) 

P  0.0000 

CONCLUSIOM    Question  groups 
1  and  2  »represent  different 
subdivisional  skills- 


(B) 

GROUP 
1 


0 

1 

2 

T 

2 

1 

4 

165 

17  0' 

1 

2 

4 

5 

11 

0 

16 

2 

1 

19 

T 

19 

10 

171 

200 

ELEMENT  1/2 

TEST    H/V  (Co-ordinates)  ' 
P  =  0.0166 

CONCLUSION  Question  groups 
1  and  2  probably  represent  the 
same  subdivisional  skill. 


(D) 

GROUP 
1 


GROUP  3 


0 

1 

2 

T 

2 

9 

4 

.124 

137 

1 

16 

3 

10 

29 

0 

29 

2 

34 

T 

54 

■  10 

136 

200 

ELEMENT     1/1  (b) 

TEST     straight  Line/Curve 

P  0.0000 

CONCLUSION     Question  groups 
1  and  3  represent  different 
subdivisional  skills. 


459 


TABLE  10/26 


GROUP  4 


GROUP  2 


(A) 
GROUP 

2 


0 

1 

2 

T 

2 

2 

3 

119 

124 

1 

"  5 

7 

>  13 

25 

0 

28 

7 

16 

51 

T 

35 

17 

148 

200 

ELEMENT  i/i(b)        .  , 

TEST     straight  Line/Curve 

P  =   0.0000  ,^^ 

CONCLUSION    Question  groups 
2  and  4  represent  different 
subdivisional  skills. 


(C) 

GROUP 

1 


GROUP  :• 


0 

1 

2 

T 

2 

3 

•  6 

106 

il5 

1 

10 

3 

13 

26 

0 

38 

12 

,  9 

59 

T 

51 

21 

128 

200 

ELEMENT  i/ka) 

TEST    straight  Line/Curve 

P  0.0000 

CONCLUSION    Question  groups 
1  and  3  represent  different 
subdivisional  skills. 


(B) 

GROUP 

.  1 


0  • 

1 

2 

T 

2 

9 

8 

98 

115 

1 

6 

7 

13 

26 

0 

32 

14 

13 

59 

T 

47 

29 

124 

200. 

ELEMENT  i/i(a) 

TEST     HA  (Co-ordinates)  , 

P  0,0000 

CONCLUSION    Question  groups 
1  emd  2  represent  different 
subdivisional  skills* 


(D) 

GROUP 

2 


GROUP 


0 

1 

2 

T 

2 

12 

6 

106 

124 

1 

13 

2 

14 

2,9 

0 

38 

-  6 

3 

47 

T 

63 

14 

123 

200 

ELEMENT  i/^^j 


straight  Line/Curve 


TEST 
P  ~  0.0000 

CONCLUSION    Question  groups 
2  and  4  represent  different 
subdivisional  skills. 
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TABLE  10/27 


449' 


GROUP    2/1  (B) -2 


GROUP  '2 


(A) 

GROUP 
2/1 (A) -1 


0 

1 

2 

T. 

2 

16 

14 

74 

104 

1 

22 

4 

5- 

31 

0 

46 

5 

14 

65 

T 

84 

23 

93 

200 

(B) 

GROUP- 
1 


0 

1 

2 

T 

2 

9 

10 

79 

98 

1 

16 

7 

7 

30 

0 

59 

6 

7 

72 

T 

84 

23" 

-  93 

200 

ELEMENT    2/1  (A) -2/1  (B) 


ELEMENT  2/1  (B) 


TEST    Interpolation/Extrapolation    TEST  Line/Points 

?  =  0.0000 


P  =  0.0000 

CONCLUSION    Elements  2/1  (A) 
and  2/1 (B)  represent  different 
basic  skills. 


(C)  ' 

GROUP 

1 


GROUP  2 


0 

1 

2 

T 

2 

5. 

20 

84 

109 

1 

10 

20 

10 

40 

0 

36 

11 

4 

51 

T 

51 

51 

98 

200 

ELEMENT    3/2  (A) 

TEST      Max./Min,  Values 

P  0.0377 

CONCLUSION    Question  groups 
1  and  2  probably  represent  the 
same  subdivisional  skill. 


CONCLUSION     Question  groups 
l*and  2  represent  different 
subdivisional  skills. 


(D) 

GROUP 

1 


GROUP  2 


0 

1 

2 

T 

2 

0 

0 

196 

196 

1 

0 

2 

0 

2 

0 

1 

1 

0 

2. 

T 

1 

3 

196 

200 

ELEMENT    1/3  (Retest) 

TEST     H/V  (Position)  ., 
P  ~   1.0000  . 

CONCLUSION      Question  groups 
1  and  2  represent  the  same 
subdivisional  skill. 
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TABLRlO/28 


•450 


GROUP  2 


GROUP  2 


(A) 

GROUP 

1 


'  0 

■1 

2 

T 

2 

0 

10 

167 

177 

1 

3 

5 

2 

10 

0 

9 

2 

2 

13 

T 

12 

17 

171 

200 

(B) 

GROUP 

1 


0 

1 

2 

T 

2 

1 

46 

132 

179 

1 

0 

1 

5 

6 

0 

•  13 

1 

1 

15 

T 

14 

48 

138 

200 

ELEMENT     V2  (Retest) 
TEST    H/V  (Co-ordinates) 
p  =  0-0145 

CONCLUSION      Question  groups 
1  and  2  probably  represent 
the  same  subdivisional  skiM. 


ELEMENT  4/2 

TEST    HA  (Displacement) 

P  =  .0,3690 

CONCLUSION    Question  groups 
1  and  2  represent  the  same 
subdivisional  skill. 


(C) 

GROUP  2 

.0  1 

2 

T 

(D) 

GR_Ol 
0 

JP  3 
1 

2 

T 

2 

2 

16 

129 

147 

GROUP 
i 

2 

2 

2 

180 

184 

GROUP 

1 

1 

3 

12 

15 

30 

1 

0 

2 

6 

8 

0 

17 

4' 

2 

23 

0 

2 

4 

2 

8 

T 

22 

32 

146 

2"6b' 

T 

4 

8 

188 

200 

ELEMENT  4/1 

TEST'     hA  (Displacemetit) 

P  =  0.1165 

CONCLUSION    Question  groups 
1  and  2  represent  the  same 
subdivisional  skill. 


ELEMENT    i/i  (b)  (aetost) 
TEST      straight  Lino/Oirvc 
P  =  0.0601 

CONCLUSION    Question  groups 
1  and  3  represent  different 
subdivisional  skills. 


TABLE  30/29 


GROUP  2 


GROUP  2 


(A) 


GRCjUP 


0 

1/ 

2 

T 

2 

1 

8^ 

188 

197 

1 

0 

0 

2 

2 

0. 

1 

•  0 

0 

1 

T 

.2 

8 

.  190 

200" 

ELEMENT    6/5  (B) 
TEST     Numerical  Range 
P  =  b\1008' 

9 

CONCLUSION    Question  groups 
1  and  2  represent  the  same 
subdivisional  skill • 

GROUP  2 

(C) 

GROUP 

1 


0 

1 

2 

T 

3 

11 

49 

'63 

1 

12 

gi 

21 

42 

0 

86 

1 

8 

95 

T 

101 

21 

78 

200 

ELEMENT  6/2 

TEST      straight  Line/Curve 

P  =  0.0001 

CONCLUSION    Question  groups 
1  dLfxl  2      present  different 
subdivis    ,ial  skills. 


(B) 


GROUP 

1  I 


'  0 

1 

2 

T 

2 

8 

13 

88 

109 

1 

15 

10 

28 

53 

0 

32 

.2 

4 

38 

T 

55 

25 

120 

200 

ELEMENT  6/3  (A) 

TEST      straight  Line/Curve 

F  0.0021 

CONCLUSION    Question  groups 
1  and  2  represent  different 
subdivisional  skills. 

-  GROUP  2 

(D) 

GROUP 

1 


0 

1 

2 

T 

2 

3 

6 

18 

27 

1 

6 

5 

8 

19 

0 

145 

7 

2 

154 

T 

154 

18 

28 

200 

ELEMENT  e/i 

TEST      Straight  Line/Curve 

P         0.0007  * 

CONCLUSION      Question  groupr 
1  and  2^ represent  different 
subdivisional  skills. 
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FIGUUHS  10. 2- 10, 7 


Outline  of  the  Validated  Learning  Hierarchy-  for . Papua/New  Guinea 

 — .  /  ' 

(Programme  I) 


^PRELIMINARY  NOTES 

1.    The  classification  code  for  each  basic  skill  is  outlined  in 
Tables  5/4-5/10,  and  abbreviations  used  for  the  relevant* 
subdivisional  conditions  are  listed  in  the  preliminary  notes 
'  \    for  Tables  6/4-r.6/25. 

2/   Lines  .representing  hierarchical  connections  are  classified 
according  to  the  following  key. 


Cpnnection  accepted  as  valid  at  the  absolute 
Ho  level. 


Connection  accepted  as  valid  at  weaker 
^0.01  and  0.02)  Ho  levels. 

Connection  rejected  as. .invalid  at  all  three 
specified  Ho  levels* 
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.1     •  .  ' 

'V.  0 


4f)5 


FIGURE  10.3 


FIGURE  10.4 


/ 


FIGURE  10.5 


455 


457 

FTOURK  1.0.7 


6/3(A)-S 


1/1(B)-H/C 


6/3(B) 

6/4(B) 

6/5(B) 

6/3(0 


ERIC 


4f>9 
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CHAPTER  XI 


THE  INTERACTIVE  EFFECTS  OF  A  DIFFERENT  CULTURAL  BACKGROUND 
AND  SPECIFIC  lOT'ORMATIONAL  MODEL  ON  THE  POSTULATED^ 


^        LEARNING  HIERARCHY 


470 


ERIC 


ERIC 


459  , 

1.  Introduction 

The  influence  of  traditional  culture  on  indigenous  students  in 
Papva/New  Guinea  has  often  been  suggested  as  a  source  of  learning 
difficulties  with  respect  to  certain  mathematical  and  scientific 

i 

concepts  fundamental  to  Western  language  and  cul'ture  (Johnson  1968;  . 

<? 

Prince  1967  and  1969),  and  it  seems  that  these  difficulties  are  still^ 
apparent  at  relatively,  senior  academic  levels  (Mackay  and  Gardner ' 1969) . 
Time  has  been  mentioned  on  several  occasions  as  a  source  of  particular^ 
conceptual  difficulties   (see  Johnson  1968;  Prince  1969,  1970;  Mackay 
and  Gardner  1969) ,  and  since  this  was  one  of  the  major  variables 
incorporated  in  the  second  validation  programme,  it  was  decided  to 
test  this  programme  in  Papua/New  Guinea  with  a  similar  group  of  high 
school  students  to  that  involved  in  the  validation  study  with  Programme 

1.  Thus  the  object  of  this  test  with  Programme  II  was  to  determine 
whether  poss^ible  conceptual  difficulties  with  specific  informational 
variables,  presumably  attributable  in  the  general  sense  to  some  aspect 
of  the  cultural  background,  would  influence  the  acquisition  sequence 
of  certain  graphical  interpretation  skills  associated  with  these 
variables . 

2,  Preparation  and  Administration 

The  preparation  of  Programme  II,  which  incorporated  Time  and  Annual 
Birth  Rate  as  the  basic  informational  variables,  has  already  oeen         •  - 
described  in  Chapter  VII,      The  sequence  of  computational  and  interpretative 
skills  was  the  same  as  that  outlined  for  Programme  I  (Table  6/1) ,  and 

•  •     .  .      ■  471 
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i'.hf  range  of  associatod  subdivLs i<^nal  fskills  (listed  in  Tables  6/1 
and  6/2)  was  also  common  to  toth  validation  programmes* 

The  administration  of  Programme  II  in  Papua/New  Guinea,  which 
was  performed  in  conjunction  with  Programme  I  (see  Chapter  X),  involved 
a  total  of  191  indigenous  form  3  students  from  all  six  Central  District 
high  schools  following  the  national  curriculum.      This  group  contained 
132  male  and  59  female  students,  together  ranging  in  age  from  14  to 
18  years  (ttiken  to  .the  nearest  year)  with  a  mean  of  "15.5 •      Thus  in 
terms  of  average  age  and  range,  this  group  was  almost  identical  to 
that  involved  in  the  validation  study  with  Programme  I,  and,  as  expected 
from  the  difference  in  academic  level,  considerably  older  than  any  of 
the  Australian  form  1  or  first  year  high' school  groups.      The  number 
of  students  involved  from  each  participating  school  is  shown  in  Table 
11/1,  and  the  relevant  school  characv  -r is tics  of  location  and  controlling 
authority,  co-educational  and  residential  status  have  already  been 
outlined  in  Table  10/2  (Chapter  X). 

The  mean  completion  times  for  Programme  li  in  Papua/New  Guinea 
(shown  in  Table  11/1.    ;ere  not  significantly  different  at  the  0.05 
level  (t-test)  f  om  tY  54  reported  earlier  for  Programme  I  (Chapter 
X)*      A  similar  result  was  also  reported  for  Programmes  I  and  II  in 
the  relevant  Victorian  validation  studies,  and  in  fact  the  mean- 
completion  times  for  Victoria  were  effectively  tho  same  as  those  for 
Papua/Now  Guinea,   iv  spite  of  substantial  differences  in  student  age 
«ind  r»ominal  n(;<idomi(:  level*      As  in  all  of  tho  previous  validation 

r 

studn^s,  tho  progress  ion  rate  tor  Programme  \'I   (Figure  11.  i)  was 
relatively  constant  for  the  single  testing  group  in  Papua/New  Guinea, 

■    472  • 
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TABLE  11/1 

sample  Numbers  and  Completion  Times  for  Programme  II 


(Papua/New  .Guinea) 

\  r 


HIGH  SCHOOL 
(and  class) 

Number  of 
Students  in 
Sample 

Shortest 
Completion 
Time  (mins.) 

Longest      ^ . 
Completion 
Time  (mins . ) 

Badihaowa 

3A 

12 

50 

104 

3B 

15 

45  \' 

*  85  • 

Bomana 

17 

62 

112 

<> 

larowari 

3A 

16 

56. 

104 

3B 

16 

54 

107 

Kila  Kila 

3B 

29 

46 

101 

•  3C 

17 

43 

100 

Kwikila 

3A 

13 

3B 

45 

107 

3C 

Marianyille 

•  21 

88 

130 

Mean  Ccmpletion  Time 
Standard  Deviation 

54.3 
14.1 

105.6 
11.8 

NOTE 


The  controlling  authority,,  co-educational  status,  location  and 
residential  characteristics  for  each  of  the  schools  above  is 
presented  in  Table  10/2  (Chapter  X). 


X  1 


FIGURE  11,1 

Progression  Rate  for  Prograiniae  II 
(Kwikila  High  School  -  Papua/New  Guinea) 


"TIME  \(IN  MINUTES) 
J,      Circ'Jo.s  indicrjto  the  mean  nuiriber  of  pages  coiapletod  at  specified 

2.  Vortical  linos  represent  the  appropriate  Standard  Deviation. 

3,  Number  of  students  involved  =  48, 
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•  « 

and  thus  the  relevant  graph  was  linear  to  the  point  ox  first  completion. 


3.    Results  and  Implications  o 

The  statistical  analysis  of  validation  results  for  Programme  II 
in  Papua/New  Guinea  was  similar  to  that  outlined  for  each  of  the 
previouo  validation  studies.      The  results  of  this  analysis  are 
presented  in  irables  11/2-11/23,  and  those  for  the  subsequent  analysis 
of  relevant  subdivisional  skills  are  presented  in  Tables- 11/24-11/28* 
*  The  validati^on  results  for  Programme  II  in  Papua/New  Guinea  were 
generally  consistent  with  those  from  previous  Validation  studies,  and, 
in  fact  were  almost  identical  with  those  from  the  analogous  Victorian 
study  outlined  in  Chapter  VII,  in  that  all  of  the  postulated  hierarchical 
connections  were  accepted  as  valid  at  ohe  of  the  specified  null 
hypothesis  levels  (see  Figures  11.2-11.7).   /.For  many  individual  tests, 
however,  the  power  was  particularly  low,  caused,  partly  by  the' 
substantial  degree  of  response  inconsistency?*/  a'nd^accentuated  in  some 
cases  by  high  difficulty  levels  for  superor^iftft^^  Both  of 

these  problems  have  alreedy  been  ocplained  in  \Ch§4ter  VI,  and  were  also 
mentioned  in  the  other  validation  studies>i^  ^ 


-  V 

The  difficulty  levels  in  Papua/Ncw  Guinecf  #pr  an^iviJual  elements 


a  tat  .xry 

incorporated  in  Programme  II  were  generally  l^wa£\  iihan  those  for 
l^rogramme  I,  and  in  many  cases  the  total  numbeVof  students  who  failed 
a  particular  subordinate  skill,  was  lower  than  the  calculated  critical 
number  of  v)/2  coll  exceptions   (see  Tables  11/2  (A)  and  (B)  ,  11/11  (B)r 
11/13-113,  11/19(8),  11/20(0  and  11/21  (C)0  ,  so  that  the  relevant 
hierarchical  connection  could  not  possibly  be  rejected,  even  at  the 
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absolute  Ho  level. 


In  cases  such  as  this  the  connection  was 


t(!nt«iLivol V  acc'cptf.-d  iis  valid,  although  the  calculation  of  statistical 

o 

power  was  by  definition  independent  of  the  subordinate  skill  difficulty* 
level,  and  therefore  unrealistically high.      The  same  difference  in 
difficulty  levels  between  corresponding  elements  in  Progrcunmes  I  and 
II  was  also  reported  for  the  previous  Victorian  studies  (see  Chapter 
Vll/Section  3),  although  the  results  for  simpler  skills  were .in^these 
studies  generally  less  extreme,  and  so  the  problem  of  statistical  ^ 
power  outlined  above  was  less  apparent. 

The  subdivisional  analysis  results  for  Prograirane  II  in  Papua/ 
^  New  Guinea  were  generally  consistent  with  those  for  previous  validation  ^ 
studies,  the  most  obvious  exceptional  case  being  ,that  for  element  1/3 


(see  Tables  11/24 (A)  and  11/26 (D)),  in  which  the  difficulty  level  was 
much  too  low  for  effective  discrimination  between  the  postulated 
subdivisional  skills.      The  results  for  area  6  did  not  show  any  positive 
discrimination,  but  were  not  in  this  respect  entirely  inconsistent 
with  analogous  results  from  previous  studies,  which  were  often 
inconclusive  and  internally  inconsistent. 

The  re^sults  from  this  validation  study  serve  both  to  substantiate 
ard  \.o  extend  several  important  conclusions  derived  from  the  previous 
studies  in  Australia  and  Pa/aa/New  Guinea.  ^    In  the  first  place  they 
reaffirm  the  existence  (established  earlier  in  Chapter  X)  of  a  common  . 
hierarchical  network  of  graphical  interpretation  sTcills  for  students 
from  very  different  cultural  and  educational  backgrounds,  and  secondly 
-  re-establish  the  mde^ndence  of  this  hierarchy  of  intellectual  skills 
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from  the  specific  informational  context  within  which  the  skills  are 
presented  (see  also  Chapter  Vll/Section  3)  .      It  should  be  mentioned 
in  this  respect,  however,  that  these  intellectual  skills  are  defined 
in  purely  operational  terms,  and  incorporate  no  conditions  of 
meaningful  interpretation  with  respect  to  specific  concepts  such  as 
Time  or  Annual  Birth  Rate.      The  calculation  of  a  linear  gradient,  in 
this  context,  for  exainple,  nk^d  not  involve  an  understanding  of  its 
real^  scientific  meaning  .as  a  constant  rate  of  change  in  Annual  Birth  ^ 
Rate.      This  importan^^spect  of  meaningful  interpretation  with  respect 
,to  intellectual  skills  will  be  examined  more  closely  ih  Chapter  xil, 
together  with  a  number  of  general  implications  arising  from  the  various 
local,  interstate  and  overseas  validation  studies. 
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TABLES  11/2-11/23  •  '  ^ 

r  »  


/Validation  Results  for  Papua/New  Guinea 


I  •  <Progrartane  II) 

! 


PRELIMINARY  NOTES 

1.  The  following  results  are  presented* in  correlation  matrix  form, 
,     .listing  the  number  of .questioh^ correct  for  each  element,  and 

'  the  appropriate  marginal  totals.    -  -  ^  \ 

2.  The  critical  numbe;r  of  .except ionsy(C)  permitted  in  che  0/2  cell 
•of  che' relevant  correlation  table  is  listed,  together  with  the 

approptia^  statistical  power,  for  each  of  the^null  hypothesis  - 
levels  d,ef iried  in  Chapter  VI  (see  prelimin^y  notes  for  Tables  ^ 
6/4-6/25).     .  '  . 

3/  The  ciassifitation  code  for  each  'el4ment  is. outlined  in  Tables 
•  5/4-5/10,  and^  the  relevant  subdivisional  conditions  are  pkesented^ 
in  Tables  6/4-6/25  (preliminary  notes) .  7  / 
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(A) 


ELEMENT 

1/3-H. 


S   .  TABLE  11/a 

ELEMENT  .  1/2-H 


0 

.  1 

2 

T 

2 

'4 

6 

173 

1 

1 

.  0 

6 

0 

*  1 

•0 

_  1 

'2 

T 

6 

6 

179 

191 

/ 

/ 

c 

Power 

■  0.00 

3 

0.9999 

0.01 

0.9923 

0.02 

li 

0.8855; 
.   u 

CONCLUSION   The  postulated  connectxon-is  accepted  as  valid  at 

the  absolute  Ho  level,  although  the  power  is  unrealisticallV  high,  y. 


(B) 


element  1/2-v 


1 1 

\ 


jELEMENT 
1/3-v 


0 

1 

2 

T 

2 

3 

11 

170' 

184 

:  Ho . 

c 

POWER^ 

i 

0 

1 

2 

3 

•  0.00 

b 

0/9754 

0 

'  2 

0 

,  2 

4 

p. 01 

9  ' 

0,8377 

T 

5 

12 

174 

191 

0.02 , 

11^' 

0,6450 

CONCLUSION    The  postulated  connection  is  accepted  is  valid  at 
the  absolute  Ho  level,  although  the  power  lis  unrealistically  hich. 


(C) 

* 

ELEMENT 
1/2-v. 


ELEMENT  iVi{b)-v/s 


0 

1 

2 

T 

— ijj — 

T  

2 

27 

15 

}32 

174 

1 

3 

2 

* 

1 

— \ — r 

12 

0 

2 

0 

\  3 

'  5. 

T 

32 

17 

142 

191 

7. 


•Ho 

Power 

0.00 

3 

0./9996 

O.vOl 

7 

0.967  8 

,0.02 

10 

0.8144 

CONCLUSION  rhe  postulated  connect  ion  is  accepted  as^/valid  at*  /  ^ 
the  absolute T Mo  level. 


/ 


1- 


:.(A) 


ELEMENT 

1/1(B)-V/S 


TABLE  11/3 

V 

ELEMENT  'iA(A)-H/s  '  ' 


\ 


q 

1 

2 

T  • 

4 

« 

3 

135 

142 

C 

« 

f OWER ' 

5 

12 

0 

17 

0.00 

8- 

> 

0.9587 

26 

■  .  6 

o< 

■32 

0.01 

10 

3b 

.21 

135 

191  ■  " 

^  o;o2 

13'" 

0*  5^983 

I  I  1 

^    CONCLUSION   The  postulated  connection  is  "Siccepted  '^s^  valid  jat 


the  absolute  Ho  lev'el. 


(B) 


ELEMENT  _i/i(a.)-h/s 


0 

1 

2 

T 

« 

2 

29 

19 

126 

ELEMENT 

1/2-V 

1 

4 

1 

» 
7 

12  ' 

'o 

;  2 

• 

1 

5^ 

T 

35 

21 

t'35 

191 

.  c 

Power* 

6.00 ' 

4 

0.9967 

0.  01. 

*7 

0.9462 

* 

0.  02  ' 

10 

017462 

CONCLUSION  The  postulated  connection 
the  absolute *Mo  level,  i 


is  accepted*  ^s  .valid  at 


~/'(C) 


ELEMENT 

1/2-11 


ELEMENT  .  i/t(A-)-H/s 


1 

2 

T 

31 

20 

128 

7 

'179  , 

Ho 

C 

Power 

3 

0 

3 

» 

6 

0.00 

3 

0,9991 

1 

1 

4 

6. 

0.01 

7 

35 

21 

135 

191 

0.02 

10* 

0,7425 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at^ 
^hn "kecond  (0:01)  llo  Tovel,  e(lthough  the  power- at  this  level  .is 


Unireaiisticaily  highi 


/ 


(A) 


TABLE  11/4 

ECEMEMT  i/i(B)-H/s 


0 

1 

2 

T 

Power 

2 

'  15- 

-14- 

-150- 

-1-79- 

Ho 

c 

ELEMENT 

1 

1 

-1 

4 

6 

0.00 

4 

0.9991 

1/2-H 

0 

2 

1 

3 

6 

-  0.01 

8 

0.9575 

T 

18 

16 

157 

191 

0  .02  . 

11 

0.7898 

CONCLUSION  The  postulated  connection  is  accepted\as  valid  at 
the  absolute  Ho  level. 


(B) 


;  ELEMENT  .i/1(a)-v/s 


ELEMENT 

1/1(3) -H/s 


0 

1 

2 

T 

Power 

2 

.1 

6 

'l50 

157 

Ho 

C 

1 

5 

..11 

0 

16 

0.00 

8 

0.9709 

0 

•  16- 

2 

0 

18 

o.di  ^ 

10 

0.8997 

T, 

•  22 

19- 

150 

I  191 

0.02 

13 

0.6623 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level. 


ELEMENT 
l/2-n 


ELEMENT  i/1(a)-v/s 


2 
1 

0. 
T 


0 

1 

2 

T 

■  18 

17 

144 

.179 

,Ho 

c 

Power 

2 

0 

4 

6 

0.00 

4 

0.9985 

2 

2 

2 

.  6 

0.01 

8 

0-9399 

22 

19 

150 

191 

0.02  . 

10 

0-8235 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
"the  absolute' Ho  level--  .  „ 


(A) 


ELEMENT 

1/2- v_. 


TABLE  .11/5 


ELEMENT  i/i(A)-v/s 


.0 

i  ^ 

2 

T 

19 

18 

137 

174  ' 

Power 

:  -lo  ; 

■  4-2  ' 

-  .  0.00  . 

0.9985 

2 

0 

3 

5 

0.01 

8-  : 

0..9402 

22 

19 

150 

191 

:  0.02 

10 

0.8241 

COffCLUSION  The  postulated  connection  is  accepted  as  ^alid  at 
the  absolute  Ho  level. 


(B) 


ELEMENT-  i/i(B)-v/c 
0      1.2       T  ■ 


2 

13 

10 

151 

174 

-Ho 

c 

Power 

ELEMENT 

1 

3 

0- 

t  9 

12 

0.00 

4 

0.9996 

1/2-V 

0 

•  2 

1  ■ 

2 

4 

5 

0.01 

8 

0.9769 

T 

18 

11' 

162 

191 

0.02 

11 

0.8616 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level. 


(C) 


ELEMENT 

1/1(B)-V/C 


ELEMENT  i/1(a)-h/c 


0 

1 

2 

T 

3 

7. 

152 

162 

•Ho 

c 

Power 

"  4 

7 

0 

11 

0.00 

5 

0.9983 

i8 

0 

-  6 

18 

0.01 

9 

0.9462 

25 

14 

152 

191 

0.  02 

11 

0.8443 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level. 


TABLE; 11/6' 


(A) 


ELEMENT 


ELEMErU  i/1(A)-h;c 


0 

1 

•  2 

19 

14  . 

141 

174 

Ho 

C 

Power . 

1  3, 

;•  9 

/i2 

o.bo 

4 

0.9992 

3 

0 

.2/ 

5 

0.01 

7 

0.9818 

25 

14 

15^ 

1,91 

0.02 

'  10  . 

0.8745 

CONCLUSION  .The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level. 


V  4 


(B) 


E  LEMENI^  .^i/i.(a) -h/c. 


ELEMENT 

1/2-H- 


0 

1 

T 

22 

11 

146 

179 

Ho 

c 

P0WE,R 

^  0 

2 

4 

6 

0.00 

3 

6.9998 

.  3 

1 

2 

6 

0.01 

7 

0.9811 

.  25 

14 

152 

191 

.  0.02 

lb 

0.8712 

CONCLUSION  ^The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level. 


(C) 

ELEMENT 

1/2-H 


ELEMENT  i/i(b)-h/c 


■  q 

1 

2 

T 

15. 

1 

'163 

•179 

Ho 

G 

Power 

1 

1 

4 

6 

o.ob 

2 

1.0000 

2 

•0 

4' 

.    6  '  . 

.  0.01 

.7 

0.9962. 

18 

2 

171 

191  . 

.  0.02 

11 

0.9285 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  second  (0.01)  Ho  level,  although  the  power  at  this  level  is 
unroalistically  high. 
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TABLE  11/7 


(A) 


ELEMENT 

i/r(B)-«/c 


ELEMENT  i/i(a)-v/c 


0\     1       2   '  T 

G 

Power 

\ 
8 

,  .V 

2 

161 

171  Ho 

\ 
0' 

2 

0 

2  0.00 

3 

0.9999 

16 

\.;- 

\q  0,0-1- 

-  7;- 

0V9926 

24 

•V  ■ 

\6 

,  i6i 

191  0.02 

11 

0.8881 

\ 


CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute*  Ho  level\. 


(B) 


\ 

element!  1/1  (A) -v/c 

i2 


2 

21 

5 

153 

179' 

Ho 

C 

PQWER 

ELEMENT/  ^ 

1 

1.  . 

6 

0.00 

.  2 

1.0000 

1/2-H  ; 

0 

2 

0.  ' 

r 

0.01 

7 

0.9920 

24 

6 

161 

:i9i 

0.02 

10  • 

.0.9305 

.  CONCLUSION   The  postulated  connection  is  accepted  as  valid  at 
/the  second  (0.01)  Ho  level,  ^although  the  power  at'-this  level  i$: 
/  unrealistically  high.  ^ 


(C) 

ELEMENT 

1/2-v 


ELEMENT  l/l(Ai}-v/c 


the  absolute  llo  level, 


0 

1 

2 

19 

6 

149 

■174 

Ho 

c . 

Power 

3 

'  0 

9 

12 

0.00 

3 

0.9999 

2 

0 

3 

5 

0.01 

7  ' 

0.9926 

24 

6 

161 

191 

0.02 

11 

0.8878 

The 

postulated 

connection. 

is  accepted 

as  vali^;*at 

\ 
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(A) 


TABLE  11/8 

ELEMENT  2/1([a)-h/p 


ERIC 


• 

0 

1 

2 

T  . 

* 

2 

12 

8- 

115 

135 

Ho 

c 

n  1 

Power 

ELEMENT  ^ 

13 

.  0 

8 

21.. 

o.po 

l' 

0.9773 

r/l(A)-H/s  p 

17 

8 

10. 

35 

d.oi1 

>  10 

0*8539 

T 

42 

16' 

133. 

191 

0.02 

12 

0.6796 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  second  (O.Ol).  Ho  level,  although  tlje  power  at  this  level  is 
relatively  low. 


CB) 


ELEMENT  2/i{k)-ii/v 
0.12  T 


2 

13 

119 

l'f2 

:Ho  " 

c 

Power 

ELEMENT 

1 

11. 

1; 

5 

17. 

c.oo 

6 

0.9882 

1/1(B)-V/S 

0 

18 

5 

9 

32 

•  o.oi 

9 

0.8993 

T 

42 

16 

133 

.  191 

0..  02 

11 

0.7494 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  second  (0.01)  Ho  level,- although  the  power  at  this  level  is 
relatively  - low.       -  ^  ^  '  ^  ' 


(C) 


ELEMENT 


ELEMENT  2/1(b).-h/s 


0 

•  1 

2 

T 

2 

20 ' 

14 

101- 

.  135 

1 

9 

•  5 

■  '7 

21, 

0 

•19 

13 

3 

35 

T 

48. 

32 

111 

1^ 

HOy 

C 

Power 

P .  0  0-- 

9  . 

0.81?b 

0.01 

1.1 

0.6063- 

0.02 

.13- 

0.3768, 

CONCLUSION  ,Tho  })ostulated  connection  is  nccopted  as  vaJid  at 
the  absolute  llo  level,  although  the  power  is  relatively  low. 
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(A) 


ELEMENT 

1/1(B)-V/S 


TABLE  il/9-t 

ELEMENT  2/1(b)-h/s 


0. 

2 

T 

• 

• 

22 

17 

103 

142 

•  Ho'  ' 

■'C 

•Power 

7 

•v.- 

4  • 

6 

17 

•  0.00 

8 

-0.8655- 

11 

-  2 

32 

0.01 

10 

0.6798 

.  48 

32 

111. 

191 

"  0 . 02  ■ 

12  . 

0.4465 

1)  ■    .     f  •         •   *  . 

CONCLUSION.  -T^*  postulated  connection  is  ac'cepted  as  valid  at 

the  absolute  Ho  level>  although  the  power  is  relatively  low. 


/ 


ELEMENT  2/1(b)-h/p 


ELEMENT 

iv'i(A)-H/s 


0 

1 

2 

T 

1  i 

2 

24 

18. 

'93 

135  . 

 ^Ho-- 

TOWER 

1 

13 

4. 

4 

21 

0.00 

7  ■■ 

"6.8897 

0 

24- 

-3  " 

8 

.35 

0 . 01 

9, 

0.7114' 

T 

61 

25 

105 

191' 

0.02 

11 

 3 

0.4730 

CONCLUSION  The  postulated  connection  is  accepted  .as  ..valid  at 
the  second  (0.01)  Ho, level,  although  the  power  at  this  level  is 
relatively  low.  -  . 


(0 


.  ELEMENT  2/r(B)-H/p 


ELEMENT 

1/1(B)-V/S 

y 


.  0 

1 

2 

T 

26 

20'  . 

96 

142 

10 

4 

3 

17 

25 

1 

6 

32 

61 

25 

*105 

191 

Ho 

c 

Rower 

0.00 

6 

0.9335 

•0.01/ 

0.7898 

0.02 

10 

0.5630 

CONCLUSION  .The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level.  '  •  .  - 
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-  (A) 


TABLE  11/10 

ELEMENT    i3/2tA)-Max. ,  . 


ELEMENT 

'  i/2-v  , 


0 

1 

2 

T 

1 

2 

'  29 

45 

102 

176 

HO: 

Power 

I 

•    4-  ■ 

'  2  . 

■  6 

, .  '  o.po 

8 

0,4885 

0 

2 

4 

3 

0.01 

9 

<* 

.  .0.3550 

'  1 

31, 

'  53 

107 

.191 

0 . 02 

10 

0.2409 

CONCLUSION  The  postulated  6onnection  is  accepted  as  valid  at 
.  ther  absolute  Ho  level,  although  the  power  is  particularly  low. 


(B) 


ELEMENT  3/2(A)'-Max. 


0 

1 

2 

,  T 

2 

25 

4.3  . 

100 

168 

Ho  ; 

Power 

ELEMElilT  ^ 

1 

■  4 

4 

O';00 

10 

0.3730 

l/i(A)-v/c 

5 

6 

3  _ 

-0.01  , 

11 

0.26li 

.  •  *  T 

31' 

53 

107 

191 

0.-02 

"12  . 

.  0.1717 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  particularly  low. 


(C) 

ELEMENT 

1/2-V 


ELEMENT  3/2tA)-Min. 


2 
1. 
0 
T 


0 

1 

2 

T 

34 

37 

105 

•  • 

176 

0 

1 

5 

6' 

2 

4^ 

3* 

9 

36 

.42 

113 

191 

Jo  . 

c 

Power 

0. 

do 

,6 

0.8735 

0. 

01 

8 

0.6676 

0. 

02 

10 

0.4106 

CONCLUSION  Tho  postulated  connection  is  accepted  as  valid  ,it 
*tho  absolute  Mo  level,  although  the  power  is  relatively  low.- 


(A) 


ELEMENT  . 

1/1(A)-V/C 


TABLE  11/11 
ELEMENT  3/2(A)-Min. 


0 

1 

2" 

T 

2 

29 

35 

i04 

1168 

i 

2 

2 

5 

9 

0 

5 

5' 

4 

,  ■  14 

T 

'  36 

42 

113 

191 

■  Ho 

C 

Power 

o.ee 

.8 

0.7439 

0.01 

9 

6.02 

11  • 

•  0.3791 

V 

t» 

CONCLUSION  The  postuX.ated  connection  is' accepted  as, valid  at 
the  absolute  Ho.  level, '^although  the  power  is.  relatively  low. 


(B) 

ELEMENT 

3 

0. 

- 

1 

2  . 

T 

2 

59  ■ 

87 

-30,: 

176 

.  Ho 

< 

Power 

ELEMENT 

2 

8 

■  0 

io 

5 

3/2 (B). 

0 

•3 

■  2 

0 

.'  5"' 

^5 

T 

64 

P 

3b 

191 

0.02 

5 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  al1:hough  the  power  is  extremely ; low. 


(0* 

ELEMENT 

3/1 

9 

* 

0- 

1 

2 

T 

2 

27 

'59 

21" 

107 

Ho 

Power 

ELEMENT 

1 

20 

25 

8, 

♦ 

53- 

0.00- 

3/2 (A) -Max 

0' 

17 

13 

1 

.  31 

o.oi ' 

'  14 

.J 

§4' 

97* 

30 

191 

0.02 

14 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  extremely  low. 


.  488 


TABLE.  11/12 


.(/\)    •  '       ELEMEMT  ^/l 


ELEMENT 

*3/2(A)-Min 


.0 

1. 

2  ; 

T 

'35 

59 

19  . 

113 

V  Ho 

Power 

■  15  1 

21  , 

'  6 

42  ^ 

p. 00 

16 

14 

17  - 

•5 

36  '    .  , 

» 

.  oloi 

"16 

•  97" 

30 

191 

0.02' 

CONCLUSION  The  postulated. jsonnection  is- accepted^ as  valid^'at 
the  absolute  Ho  level,  although  the  power  is  extiremely  low. 


(B) 


ELEMENT    l/2-V.  (Retest) 


0 

1 

2 

T- 

;2 

■  7- 

5- 

162 

174 

c 

Power. 

ELEMENT 

1 

i 

1' 

10  , 

12' 

koo 

^  4 

0.9999 

•1/27V 

0 

.  1' 

0 

4  ' 

;  •  5 

0.01 

"  8. 

0.9^94 

T 

.9 

6 

176 

191 

0.02 

11 

0.9209 

CONCLUSION   This  element  was  not  acquired  by.  any  significant 
proportion  of  student^  in  the  process  of  attempting  more  complex 


;  capabilities. 


(C) 


ELEMENT 

T/1(A)-V  . 


ELEMENT  ■1/1(A)-V  (Retest) 
0  12 


2 

1 

5 

155 

161 

Ho 

c 

Power 

1 

•1 

1  . 

4 

6 

0.00 

7 

0.9963 

0 

12- 

3 

9 

24 

0.01 

10 

0.9609 

T 

14. 

'» 

.  9 

168 

191 

0.02 

13 

0.8203 

CONCLUSION   This  element  was ' not  acquired  by  any  significant 
proportion  of  students  in  the'  process  of  attempting  more  complex 
c?ipabilities.   *       *  «    .  , 


•  4* 


(A) 


TABLE  11/13 

ELEMEMT  4/2-h. 


0 

1 

2 

T 

2 

8 

7- 

169 

184 

Ho 

C 

Power- 

ELEMENT 

4/3  ^ 

1 

0 

0 

)  6 

'  6 

;•  2 

^  1.0000 

0 

0 

0 

»  1 

1 

OvOl 

7 

•  0.9919 

T 

8 

176 

,19l'" 

0.02 

^  10 

Q.9300 

CONCLUSION    Thfe  postulated,  connection  is  accepted  as  valid 

'  *  '  • 

*at  thOL^bsolute  Ho  level,  although  the  power  is  unrealisticAlly 

high'.  ■  "  * 


ELEMEWT' 4/2-v  . 


ELEMENT 

4/3 


CONCLUSION    The  postulated  connection  xs  accepted  as  valid 
at  the,  absolute  Ho  lev^l,  although  the  power  is  unreali-stically 

"  *  '         ,  o  • 

high.    '  .  ■  ,  "    'i'"    '  . 


/ 


(0 


ELEMENT 

i/3-H 


ELEMENT  .4/2-H 


0. 

1 

2- 

.  T 

2 

\ 

7 

,  7 

173 

l67 

.       Ho  « 

C  . 

POWEF^ 

1 

0 

0 

2 

2  , 

0.00 

3  * 

0.9999 

0 

-1 . 

.  0 

1-' 

2 

.  *  0  :o  1  ■ 

"  7  J 

_0- 992.2 

.  8 

7 

176 

'  191 .  ■ 

0.02  ■ 

10  . 

0.9319 

CONCLUSION    The  postulated  connection  is  accepted , as  valid 
at  the  absolute  Ho  level , ^ although  the  power  as  unrealistically 

high.  ■  .  .  ■      ■  '\  " 


490 


.478 


■0'7 

2— T 

"T 

9 

2 

9. 

\6 

169 

.  184.'- 

.  Ho, 

e. 

Power 

a 

1 

0 

0 

■  .6 

6 

0.00 

.2 

1.0000 
 — 

\ 

0 

P 

•  .1 

1  ^ 

OiOl 

7 

^0.9944 

T 

9 

.6 

176 

191 

0.02 

io 

'  0.9462 

f 

TABLE  ir/14 


(A) 


ELEMENT  4/2tV 
0.   "1      2  T 


•  i 

'  8 

^  6 

174 

:  188 

Ho 

Power 

ELErtENT..^ 

1/3-V  1 
^0 

■  0 

0 

'  2 

0.00 

2 

•  1.0090 

1^ 

^  

.  '  0 

•  0 

.  1 

.  0.01 

7 

0.9942 

T 

9 

6 

.176 

.191     •  ' 

*'0.02 

.  10 

0.9453 

CONCLUSTlON    The  postulat*Kl  connection  is  accepted  as  valid  at 
'the  sdjsolute  Ho  level,  although  the  power  is  unrealistically  high. 


(B) 


ELEMENT  4>i-h 


0 

r 

'2 

T 

> 

1 

2 

4 

35 

137 

176 

Ho 

e 

Power 

ELEMENT 

1 

0 

0 

7 

7 

0 . 00 

•11 

0.2330 

4/2-H 

t 

0 

4 

1 

3 

,  8 

.  4).01. 

i2 

0.1497 

T 

,  8 

36 

147 

191<>  •  ' 

0.02" 

13 

f 0.0903 

'  CONCLUSION    The  postulated  ^connect!  on^  is  accepted  as  valid  at^ 
the  absolute  ;Ho  level,  although  the"  power  is  extremely  low. 


(0 


'ELEMENT 

4/2-V 


ELEMENT  4/1-v 


0  . 

1 

.-  2 

.  T 

i 

2 

2 

13 

161 

176 

Ho 

c 

Power 

•1: 

,  0 

5 

0;00 

11 

0/^456 

0 

3 

3 

>  3 

'     9  ^ 

0  '.  0  1* 

0.4178 

T 

5 

17 

169  ■ 

191 

.0.02 

14- 

^.3127 

•  /. 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
.the  absolute  Ho  level,  although  the-jJowe*  is  p^ticularly  »low. 


TABLE  11/15 


(A) 

EliEMENt 
iy2-H 


•eIement  • 

0  • 

4/1-H 
2  T 

f  . 

■  ( 

•  2 

6 

.34 

142' 

.  182  ' 

Ho 

c 

Power 

•1 

0, 

•1 ; 

.  2 

0.00 

10 

♦  - 

0.2245' 

b 

2V 

1 

3 

6  " 

0.01 

11 

0.1401 

■  T 

8 

36  , 

147 

■  19>1 

0.02 

■  12' 

O-.0817 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  l^vel,  Although  the  power' is  extremely  low.  - 


(B) 


0 

* 

2 

*  • 

\ 

139 

'158  . 

/  Ho 

C 

POWLR 

ELEMENT 

1 

■  1 

.1 

-26 

.28     '  •• 

» 

0.00 

.  9 

0^5,41- 

1/2-v 

0 

1 

,  0- 

4 

-  S 

.  O.Oi: 

11  . 

0.5263 

T 

^5 

17 

169 

191.*^ 

0.02 

.12, 

0.4082 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  relatively  low. 


"(C) 


ELEMENT 

5/4  (A) 


ELEMENT    5/3  (  a) 


0 

1 

2 

T 

« 

2 

6 

7 

171  , 

184  ■  ' 

'  Ho 

C" 

Power • 

I 

0 

.  0' 

2 

2 

0.00 

4 

0.9998 

0 

1 

0  . 

■  4 

5- 

g.oi . 

'.  8 

0.9833 

T 

\  ■ 

.  7 

7 

177'-' 

191 

0.02 

1 

11 

0.8902 

XONCLUSION    The  postulated  connection  is  accepted  as  valid  at 


the  absolute  Ho  level. 


1 


•  •■\-.-- 
■  ■  .    .  \- 

481  . 

ELEMEHt 

■  5/2(A) 

V 

0 

1., 

2 

.  T 

ELEMENT 

5/3  (A) 

2 

.137 

13 

. .  27 

177 

Ho 

c 

Power 

r  " 

1 

7. 

•  0 

.  O  :- 

'     7  . 

0.00 

,  1 

0.7508 

*• 

\ 

0 

6 

1 

"o 

7 

0.01 

3 

0.2821 

T 

150 

14 

27 

191. 

0.02 

4 

0.1335 

• 

CONCLUSION 

The  pbstulated  pohnectron 

is  .accepted  as*  valid  at 

t 

the  absoltAte  Hp  ievel. 

although  the  power  is  relatively 

low. 

i.  ♦ 

« 

\  - 

^.  

.1 

o  • 

ELEMENT 
0  r 

•  :y  W   ■  ■ 

.5/2  (A)/ 
2  T 

\ 

.■\ 

-  s 

_ELEME!iI_ 

• 

2 

109  " 

12 

24  . 

"145  .  , 

\  Ho  ■ 

c 

Power 

 2-^  —  ^ 

  ^ 

'    ■       "  4/l-H 

1 

0 

15" 
26 

1 

2 

■  1 

18 
28 

0.00  ^ 
0.01 

2 
4 

0V5318- 
0.1509 

t 

T 

•150  ■ 

1*4 

27, 

191  ■     V  ■ 

\  •0.02- 

5 

0.0637 

o 

-    -     CONCLUS  ION  ^TTie  postulated  connection. 

is  accepted  as  Valid  at 

the  absolute 

Ho  level. 

although  the  power  is  particularly  low. 

> 

.  *■  - 

(C) 

ELEMENT 

5/2 (A) 

• 

0- 

1 

2 

.  T 

• 

2 

115 

13 

26 

154 

Ho' 

c. 

'Power 

•  ELEMENT 

4/l-V 

1 

15 

0 

•  •  * 

.0 

15 

*      0.0  0 

2 

0.5217 

0 

'  20 

a  . 

1 

22 

0.01 

3 

0.2982 

♦  m 

T 

150 

14 

27 

"191 

0.02^ 

4 

0.1444 

CONCLUSION 

The'  postulated  connection 

is  accepted  as  valid  at 

the  absolute 

.Ho  level. 

although  the  power. is  particularly  low. 

-::Er!c 

493 

• 

# 

TAHI.I-:  n/l7' 


482" 


(A) 


ELEMENT 

5/3  (B) 


-ELEMEKT  .5/2  (n) 


0 

1 

2 

T 

0 

2 

10 

5 

94 

109  ~  ~ 

--  Ho  - 

C 

Power- 

1 

12 

3 

16 

31 

1 

0.00 

0 

8 

0.9025. 

-•0 

5 

1 

51  -■ 

0.01 

10 

0.7465 

T 

67 

13 

111 

"  191 

•  0i02 

12 ; 

0.5267 

CQNCLUSION    The  postulated  connection^  is  accepted  as  valid  at 


the  absolute  Ho  3;evel-. 


(B) 


ELEMENT    5/2  (b) 
0      12  T 


ELEMENT 

1/1{B)-H/C 


5 

58 

12 

105. 

 —m 

175" 

Ho 

c 

Power" 

3 

0 

6 

9  . 

0.00 

2 

0.9991 

6 

1 

6 

■7 

0.^01 

6 

0'".9300 

67 

.13 

111 

191 

0.02  - 

8 

0;7819 

CONCLUSION  The  pbstulated  connection  is  accepted  as  valid  at 
the  absolut;e  Ho^  level* 


(C) 


ELEMENT 


ELEMENT  5/i 


0  ■ 

1 

2 

T 

2 

72 

29 

10 

111 

Ho 

c 

Power 

L 

1' 

0 

13 

0.00 

.  6 

0.0034 

0 

55 

11 

1 

67 

0.01 

^  6 

^p.0034 

T 

139 

41 

11 

191 

0.02 

6 

1 

0-t)034 

CONCLUSION  '^'he  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  extremely  low. 


m 


TABLE-1-1-/-18 


(A) 


ELEMENT  5/1 
0  •  12  T 


2, 

12 

9 

5 

- '  26 

Ho 

Cv 

Power. 

ELEMENT 

5/2 (A) 

1 

11 

7 

■3-: 

21 

0.00  . 

10. 

O.OOIS 

0 

116 

■25 

144 

0.01 

10 

i 

0.0015 

T 

139  ■ 

41 

11 

191 

0..02  \ 

10^ 

o;ooi5 

CONCLUSION  -The.  pbstulat^-^fcoimection  is  accepted  as  valid  at 
the  absolute  Ho  jlevei,  although  the  poyer  is  extremely  low." 


(B) 


ELEMENT    4/l-H  (Retest) 


ELEMENT 

4/l-K 


0  . 

1' 

2 

T 

• 

•2 

*17 

,  15 

115 

147 

1 

4 

3 

29 

36 

0 

7 

0 

1 

8 

T 

28, 

18 

145 

'  191 

Ho 

,c , 

Power 

o.po 

.  8 

0,9725 

,0.01 

11 

0.8437 

0v02 

13 

-0-.6714 

CONCLUSION   This  skill  was  not  acquired  by  any  significant 
proportion  of  students  in  the  process  of  attempting  more  complex 
capabilities^. 


(C) 

ELEMENT 

4/J-V 


ELEMENT    4/l-V  (Retest) 


0 

1 

2 

T 

14 

11 

144 

169 

Ho 

c 

Power 

4 

4 

9 

17 

0.00 

4 

0.9993 

4 

;  0 

1 

5 

0.01 

.8 

0.9637 

22 

15 

154 

•  19i 

0.02 

11 

0.8109 

'CONCLUSION   This  skill  was  *nfeb^  acquired^by.  any  significant 
proportion  of  students  in  the  process  of  attempting  more  complex 
capabilities. 


(A) 


■TABLE  .11/19 
ELEMENT    5/2(A)  (Retest) 


•  - 

.6 

•i 

2 

T 

• 

2 

f7 

1 

19 

27  •■ 

•■Ho 

c 

Power- 

•  ELEMENT 

'     5/2  (A) 

1 

-  6 

2' 

<* 

.  14  ■ 

0.00 

7 

0.0593  • 

0 

131 

18 

1 

150 

o.oi 

8 

6.0252, 

-■ 

T 

.144  ' 

-  21  - 

26 

-  191- 

0.02' 

8 

0.0252 

'  CONCLUSION:   Th?s  skill  was  not  acquired  by  an  significant 
proportion  of,  students  in  the  process  of  attempting  more  complex 
capabilities*.       -    ,  ,       -  *  •  , 


(B) 


ELEMENT  i/4  (B) 


ELEMENT; 
.6/5  (B) 


— 0— 

— 1" 

-2 

T 

2 

.  2 

5 

179. 

186 

Ijo 

c 

Power  • 

1 

.  ,0 

0 

4' 

4 

0.00 

3 

0.9998 

0 

-  1 

0 

0  . 

0.01 

7 

0.9807  . 

T 

3 

5. 

183 

% 

191 

0.02 

10  ■ 

0.86^4. 

•CONCLUS  I  ON    The  postulated  connection  is- accepted  ,  as- valid-at 
the  absolute  Ho  level,,  although  the  power  is  unrealistically 
high.  ^  ^ 

(C) 


ELEMENT  6/3  (b) 


ELEMENT 

6/4 (B) 


•  6  • 

.■  1 

2 

T  7  ■ 

,      1  ' 

2 

58 

10 

115 

183,/ 

ft 

•  Ho 

c 

Power 

1 

4 

0 

1 

7 

.  5 

0.00 

2 

0.9994 

0 

1 

1 

1 

3 

0.01 

6 

0.9486" 

T 

63 

11 

117 

191  , 

0.  02 

9 

0.7302 

CONCLUSION  The  postulated  ^onnection  is  accepted  as  valid  at 
the  absolute  Ho  level. 

496. 


:(A) 


ELEMENT 

6/3  (B) 


TABLE  11/20 

ELEMENT  "  f,/2rs.. 


0. 

1 

i 

T  , 

• 

2 

18/ 

16 

.  50 

■  84 

■  Ho 

C 

Power 

.1 

,  a/-- 

10 

0  ' 

18 

..  o.po 

7 

0.3465 

0 

83  ■ 

4 

-  2 

89    ■  - 

.  0.01 

8 

0.2220 

T 

109 

30 

.  52 

191  ■ 

0.02. 

-  9 

0.1309 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  , Ho  levels  although- the.  power  is  p^ticularly  low. 


(B) 


.ELEMENT  6/2-s 
,^,0      1-2  T 


0 

2 

47 

.  15 

52 

114 

Ho 

— 

c. 

IPOWER^ 

ELEMENT 

6/3 (A) -S 

1 

18 

,  15 

0 

33 

0,00 

'  7 

0. 2925 

d 

44 

0 

0  * 

44- 

0.01 

8 

0.1789 

T 

109 

30 

'52 

191 

.  0.02 

? 

6.1004, 

CONCLUSION.  The  postulated  connection  is  accepted  .as, valid  at. 
the*  absolute  Ho  levels  although  the  power  is  extremely  low. 


.CO- 
ELEMENT 

6/5 (B) 


ELEMENT    6/2-s  .. 


0 

'  1 

2 

T 

2 

94 

30 

;4^ 

173  , 

•Ho 

c 

Power 

1 

14 

0 

3 

17 

0.00 

2 

6.8814 

0 

1 

0 

0 

1 

0.01 

4 

0.5676 

T 

109 

■  30 

52 

191 

0.02  ■ 

6 

0.2406 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  levels  although  the  power  is  relatively  low. 


497 


(A) 


ELEMENT 

6/3  (B) 


••    .     "       -         TABLE  11/21 

•EL^ME^•T-  6/2rc  :  ■ 


0 

1 

2 

T 

«  1% 

25 

11 

59- 

•'   .9-5  ■ 

Ho 

C 

Power 

5 

4 

6 

9 

0.00 

4 

0..7649 

86 

'  p 

.  87 

•  0,01 

'  6 

•  0.4522 

116 

15 

60 

■  191 

di02 

;-7, 

,0.3052 

CONCLUSLON  The  postulated  connection  is  accepted^as  valid  at 
the  absplute  Ho.  level,  although  th6  power  is  relatively  low. 


(B) 


ELEMENT-  672-c 


p 

1 

2 

T 

2 

43 

6 

.  60' 

109- 

V  Ho/- 

C 

Power 

ELEMENT 

9 

1 

18 

9 

0" 

27 

o.,op- 

5- 

6. 6748' 

6/3(ff)-C 

0 

55 

6 

0 

55 

o.oi^ 

'.7 

0.3680 

T 

116, 

15 

60 

191 

0.02 

8 

o:24oo 

CONCLUSIOf^l.  The  postulated  cpnnecti,on  is  accepted  as  valid  at 
.  the  absolute  Ho  level,  although  the  power  is  relatively  low. 


(C) 


ELEMENT 

6/5  .(B) 


ELEMENT  6/2-c 


0 

1 

2 

T 

102 

■  '14 

57 

173 

-Ho 

c 

Power 

13 

1. 

3 

'  17 

■  0.00' 

2 

0.9430 

1 

0 

0 

1 

0.01 

5 

0,5651 

116 

.  15 

•  60( 

191 

0.02 

6 

0.4019 

CONCLUSION  .  ThG  postulated  connection  is  ciccopted  as  valid  at 
'the  absolute  !lo  level. 
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(A)- 


.  TABLE  11/22 

,  ELEMENT  "  6/1-h/s     ,  ' 


ELEMENT 

6/2rS 


■  :o' 

1  ' 

2' 

T 

2 

33 

6 

13- 

.52 

-  .  Ho 

c 

Power 

1 

■  21 

6 

•3. 

30 

0.00 

*       <  - 

5; 

0.0385 

JO 

107 

2 

109" 

.0.01 

6 

;0.gi26 

T 

161 

.  14 

-re:.: 

191 

0.02 

6 

0;012i 

CONCLUSI  ON  The  postulated  connection  is^  accepted,  as  valid-  at 
the- absolute"  ho  level  ,  although  the  :pqwer  is  extremely^low. 


ELEMENT- 

6/2-C 


ELEMENT  6/1-H7C 


0 

.  1 

2 

"T- 

>  f 

2 

37 

J  • 

16 

.60. 

Ho 

.  c. 

Power 

1 

.12 

■  i" ' 

2 

15 

0.00 

'3 

0.1757 

0 

114 

•1 

1 

116" 

6.01 ' 

.  4 

0.0692 

T 

163 

9 

.19^ 

191 

0 . 02 

5 

0.0232 

* 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  level,  although  the  power  is  extremely,  low. 


(G) 


ELEMENT 

i/i{B)-n/s 


ELEMENT  ,6/l-H/fs 


0 

•  1 

•  2' 

J / 

2' 

142  ^ 

14 

15 

•171 

■  Ho 

,  c 

Power ' 

1 

.  10 

0' 

1 

11 

.  o>oo 

1 

.0.4746 

0- 

•  0 

0 

9  0.01 

3 

i 

0.0775 

T 

161 

14 

.  16 

191 

-3" 

*0T0775r- 

CONCLUSION  The  postulated  connection  is  accepted  as  valid  at 
the  absolute  Ho  -leyeL,  although  the  power  is  particularly  low* 
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TABLK-  11/23 


(A) 


ELEMEr'T  6/l-H/c 
0      1       2  ■  .T 


2 

154 

9  ■ 

19 

182' 

Ho:; 

C 

Power 

ELEMENT  ^ 

l/r(B)-H/C 

■    ;  0 

2 

0 

0. 

2 

•  .  OiOO  . 

1 

0.5652 

7 

0 

0 

7 

-  -  *  \ 

-0.01-. 

-  V 

0.0230 

t 

163  ■ 

9- 

19 

191 

0.02 

3 

0*0230  ' 

CONCLUSION.  The  ppstulated  connection  is  accepted  as  valid  at 
the.  absolute  Ho  level,  although  the  power  is  particularly  low. 


(B) 


ELEMENT 

6/3(c):^ 


ELEMENT  6/2-js  ■ 


b- 

li' 

■  2'- 

'T 

2 

42 

■14- 

52 

M08 

1 

22 

16 

.6 

38 

^0- 

~-45~~ 

0- 

'''-45  c 

T. 

109 

30 

■  ?2. 

"~i9r~^ 

'  Ho- 

c 

Power 

o.od 

7 

0.3364 

0.01 

»  8 

0.2138 

0.02 

9 

0.1250^ 

CONCLUSION.  The -postulated  connection  is  accepted  as  valid^-at 
the  absolyte  Ho  level,  although>  the  ppwer  is  partij^ularly,  low..- 


(C) 


ELEMENT 

6/3 (c) 


ELE^^ENT  6/2-c 


0 

'  1 

2 

T 

2 

36 

5 

60 

101 

•  Ho 

c . 

Power 

1 

23 

10 

6\ 

33 

•  0.00- 

■  6 

0.5818  . 

0 

0 

0 

57 

'      y  0.01-. 

8  . 

0.2942 

"E 

116 

15 

60 

191 

0.  02  , 

9- 

0.1858 

CONCLUSION  The  postulated  connection  Is  accepted  as  valid  at 
thGvabsolute  Ho  Xevel,  although  the  power  is  particularly  low-.. 
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TABLES  li/2'4-11/28. 
Subdivisional  Analysis  Results  for  Papua/Ncw  Guinea 
(Programme  ITV  . 


PRELIMINARY  NOTES . 


l\    The  following  results  are  presented  in  correlation  matrix  form 
'       listing^the  number*  of  questions  correct  for  each  element/  and 
'  the  appropriate  marginal  totals.  ^ 

2.  The  classification -code  for  each  element  is  outline^* in  Tables 
5/4-5/10,  and  a- list  of  the^"  relevant  subdivisional 'question 

'  •    groups  is;  presented  in  Table  6/2. 

3.  P  represents  the.  combined,  probability  that  the  observed  number 
-of  students  in^the  O/S  and  2/0  cells  couid.  have  occurred 

through  chance-  (or  errors  of.  measurement)  under  the  null 

'     i  -  .       *  •  ^  " 

'  hypothesis  that  norone  can  possess  only  one  of  the  relevant 
subdivisional  skills  without  also  haying  the^  other. 


TADLE  11/24 


GROUP  2 


GROUP 


(A) 


GROUP 

1 


-  0. 

;1  - 

2 

1 

2' 

•  6 

2 

181 

183* 

1 

^  3 

1 

2 

.6 

0 

-  1 

0 

1 

2 

T 

4 

3 

184  . 

191 

ELEMENT  1/3 

TEST    H/V  (Positibn). 

P  ^     0.3038.  0 

eONCLUS  I  ON      Question  groups 
'1  and  2'  represent  the  same 
siibdivisional  skill.  m 


(C)  . 

GROUP 

■  1 


GRiOUP  2 


0  - 

■A. 

2 

T 

2 

9 

■  ii: 

137 

157 

1 

9 

5 

.2 

16 

0 

14 

■  1 

-  3 

IS 

T 

32 

.  17 

142 

191 

ELEMENT    i/i(b)  . 

TEST    H/V  (Co-ordinates) 

P  =  /  O.bOOO  " 

CONCLUSION    Question  groups 
1  and  2  represent  'different  ^ 
suBdivisional  skills..  / 


GROUP 

1  • 


0 

1 

2 

T 

.2 

'  4 

11 

164 

179 

.1 

0 

1 

5 

6 

0 

'  1 

^  0 

6 

T 

/  5 

12 

174 

191 

ELEMENT    1/2  *  . 

TEST     H/V  tCc-ordinates)  . 

P  =    a. 0600 

CONCLUSION    Question  groups 
1  and  2  represent  different 
subdivisional  skills. 


(D) 

GROUP 
1 


GROUP  3 


0 

1 

2 

T 

2  ' 

0 

0 

*157 

157 

r 

4 

2 

10 

r 

0 

14 

.  0 

4 

18 

T 

18 

2 

171 

191 

ELEMENT  i/kb)-  - 
TEST  ^  straight  Line/Curve 
'  P  0.0005 

,  CqNCLOSION   .  Question  groups 
'1  and  3^ represent  different 
. subdivisional  skills. 


TABLE.  11/25 


GROUP 


GROUP 


(A) 


GROUP  .. 

2 


0 

1  • 

2  '• 

T 

2 

1- 

'4 

137. 

142 

1 

■  ■  X 

2 

'Tr~. 

-■17;'-' 

0. 

16 

5 

.11- 

32  ■ 

T 

18 

11 

162- 

191 

ELEMENT  VI (b); 
TEST  -.straight  Line/Curve 
p.-  0.0000^ 

CON CLUSI.OM?^  Question  groups 
2         4  represent  diffe?ent 
subdivisipnal' skills. 


(C).. 

GROUP. 

.  •  1 


GROUP 


0, 

1 

2 

T 

.2 

2 

,  6 

127 

135 

1 

6 

.  2, 

13 

21 

0 

17 

6 

12 

•  35 

T 

.  25. 

14 

152 

191 

ELEMENT   1/1  (a.) 

TEST    straight  Line/Curve 

P  -  0.0000 

CONCLUSION    Question  groups 
1  and  3  represent' different 
subdivisional  skills. 


■'(B) 


GROUP 

°  1- 


• 

0 

1 

2 

.  T 

2 

; 

6 

"  125 

135 

i 

'•  3 

6. 

12 

21 

b 

15 

•"  X 

.13 

.35 

T 

22 

19- 

i 

■  150 

191 

ELEMENT     1/1(A);  , 

TES T ^     H/^  '  (Co-ordiriatesr 

P  ^   q.OOOO       r],  . 

CONCLUSION    Question  groups 
1  and  2  represent  different 
subdivisional  skills. 


(D); 

GROUP 
2 


GROUP 


2 

4 

2  ^ 

144 

JJ50. 

X 

6 

1 

12 

.19 

0 

14- 

3 

J  "  ■ 
5 

22 

T 

24 

6 

161 

191 

ELEMENT  i/ka)' 

TEST  ,  Straight  Line/Curve  . 

P  0.0000 

CONCLUSION   .Question  groups 
2  and  4  represent  different  ^ 
subdivisional  skills.  ► 
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TABLE  11/26 


GROUP  2/l(B)-2 


GROUP  2 


(A)  Y'  '.  0 


0 

;  1 

■  2 

r 

21 

20 

92 

133  - 

.  9 

■  7 

16 

31 

•5; 

6 

42 

61 

■25 

lot 

191  " 

I 
'i 

2- 

.".GROUP  ^ 
2"/l  (A)-l 


oELEMEN.T  ■2/r(A)-2/i(B) 


(B) 


GROUP 
1 


0 

1 

i2 

T 

2 

'  10 

15 

•  •> 

86  ■ 

111 

1 

12 

6 

.  14 

32 

0 

e 

39 

4 

.  5 

'48 

T 

61 

25 

105 

191 

■ELEMENT    2/1  (b)  , 


TEST    Interpolation/Extrapolation    TEST  Line/Points 


P  =      0.6000  ^ 

CONCLUSION    Elements  2/1  (A) 

and  2/1 (B)  represent  different 

**  •  .* 

basic  skills.  x 


■(G) 

GROUP 
1  * 


GROUP  2 

q_  i . 

_2_ 

2 

.7 

.8 

92 

107 

1 

14. 

22 

17 

53r 

0 

15 

.  12 

4 

T 

36 

42 

« 

191-) 

ELEMENT  3/2.(a) 
TEST      Max./Mih.  Values 
P  ■=  0.0133 

CON  cms  ION  Question' groups  . 
I  and  2  probably  represent  the 
same  subdiVisjLonal  skill. 


P  -     0.0000  . 

CONCLUS  I;ON    Question  groups 
1  and  -Ttt-present  different 
subdivisionar  skills.. 


(DO- 


GROUP  2 

0     .1      2   _  T 


GROUP 

1 


2  . 

0 

2 

185  - 

187^^ 

1  ■ 

:p  0 

^  :0 

.2 

2 

0 

1 

0 

'1  ' 

2 

T 

1 

2 

188 

191 

ELEMENT  (R^testj 
TEST    -H/v  (Position) 
P  0.1651 

"CONCLUSION    Question  groups 
i  and  2  represent  the  same* 
subdivisional  skill. 


TABLE  11/27 


-  GROUP  2. 


GROUP' 


(A) 


GROUP 

1, 


0 

1 

2 

T 

2 

2. 

28 

,152 

182 

1 

0 

'  0 

,  3 

■3 

0 

3 

!  0 

V  3 

6- 

T 

-  5 

'28 

158 

1'91 

•€LEMENT  1/2  (Retest)  ' 

TEST    H/V  (Co-ordinates) 

P         0.0006  . 

CONCLUSION    Question  groups 
1  and  2  represent  different 
subdivisional  sK'ille. 

GROUP  2 

3) 

GROUP 

.  1 


0 

1- 

2^  • 

2 

« 

•  ■  1 

,ii 

135 

147 

1 

.'  0 

5 

31 

.36 

0 

.  4. 

1 

3 

8 

T 

'5 

17 

169 

191 

ELEMENT  4Xi 

TEST     H/V  (Displacement) 

p  0.0951 

CONCLUSION.  'Question  groups 
1  and  2  represent^  the  sanie  ^ 
subdivisional  skill. 


(B) 

GROUP 

1 


0 

1 

2 

T 

2 

2 

.  3 

17  !• 

l76 

1 

0 

2 

5 

7 

0 

• 

7 

1: 

0 

8 

J.; 

176  ' 

191 

HLEMENT    4/2      *    ,  . 
TEST    ^/y  (Displacement) 
P  "  0^0020 

CONCLUSION    Question  groups 
1  and  2 'represent  different 
subdivisional  skills. 


(D) 


GROUP 


GROUP  -3 


.0.- 

1.^ 

„2L;  _ 

J  ; 

1 

> 

0 

170  * 

171 

1 

1 

b 

10 

11 

0 

2 

2 

^9" 

T 

7 

2 

182 

191 

ELEMENT  l/KB)  (Retest) 
TEST  straight  Line/Curve 
p  =  0.0003 

•  « 
CONCLUS I  ON     Question-  groups 

1  and  3  repres&t  different 

subdivisional  skills.  V 


GROUP  2 


GROUP  2 


(A) 


GROUP 

1 


0 

1- 

•2  • 

T 

'2' 

^  15 

'170 

'186 

1 

0 

1- 

* 

.3 

0 

0 

•  1 

■0  ' 

1 

T 

•  1 

173 

191 

ElEMENT.  .6/5  (B)        •      .  . 

TEST  -Numerical  I^ange 

p..=  •    0.3248  / 

CONCLUSION    Quisstion  groups 
1  and  2  represent  the -^same 
subdivisional  skill. 


GROUP  2 


iSROUP 

1  • 


0. 

1. 

2 

T 

2-. 

3 

6 

•52" 

1 

,,12^ 

-2 

16 

30 

0  ■ 

Toi 

1 

109 

T  • 

il6 

15 

t 

60 

191 

ELEMENT  .  6/2  ' 

•  .^EST    straight  Line/Curve 

.  P  =•  0,0377 

CONCLUSION.  Question  groups 
.1  and  2  probably  represent  the 
same 'subdivisipnal  skill. 


•...  .(B)  . 

GROUP 


0. 

I 

2 

T 

2 

6 

>< 

 ^ 

90 

114 

1 

lb 

.18, 

"33 

0 

39 

4 

1 

'  44 

T 

5.5, 

27 

:109 

191 

"  •ELEMENiV6/3(A;. 
*     TEST    straight  Line/Curve 
-f^  0.0088 

CONCLUSION    Question  groups 
1  .and  2  may  represent  the  same 
subdiyisicnal  skill.^  ^ 

GROUP  2 

(D) 


0- 

1 

2, 

T  . 

-2 

0 

4' 

12 

.•  5 

3 

6 

.14. 

158 

2 

1 

161 

163 

9- 

19 

*191 

ELEMENT  6/1 

TEST    straight  Line/Curve 
P  =  0.1759 

CONCLUSION    Question  group: 
1  and  2  represent  the':same  ^ 
subdivisional  skill. 


FIGURES  .11.2rll.7' 


Outline  of  the  Vaiidatod  Learning  Hierarchy  for  Papua/Now  Guinea 


(pfogrammo  TT) 


PRELIMINARY  NOTES  .  ,  ^ 

I.  J  The  classification  code  for  each  basic  skill  is  outlined  in 
•Tables  5/4-5/10 i  and  abbreviations  used  for  the  relevant 
•  subdivisional  conditions  are  listed  in  the  preliminary  notes 
fo^  Tables  6/4-6/25.  ^      "  - 
i.>    tines  representing  hierarchical  connections  are,  classified 
according- to  the*- following  key.'     *  .   "  J  ' 
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C6nnecJ:i<^  accepted  as  valid  at  the  absolute 


^Ho  levels- 


Connection  accepted  as  valid  at  weaker 
(0.01  and  0-,02)  Ho  levels.  -  ^ 


Connectipn  rejected!  as  invalid^at  all  three 
* sbecif led  Ho  levels. 


ERIC 


FIGURE  11.3 


5!^ 


2/l(A)-H/P 


2/l(B)-H/S 


2/l(B)-H/P 


FIGURE  11.4 


,  •-  4 


3/1 

3/2  (?\) -Max 

3/2(A)-11iN 

1/1(A)-V/C 

.  1/2-V 

5/2(B) 
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FIGURE  11.5 


V 


^ 


FIGURE  11 ,6 


5/1 
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*5. 


ERIC 
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EiGURE,  11.7 


500~ 


.4  * 


6/2-S 


6/2-C/ 


6/3(A)-S 


1/1(B)-H/S 


.6/3(B) 

L;'6/i|(B) 

6/5(B) 


1/1(B)-H/C 


.  6/3(Cl 


:  ERIC 


•n 


-19 


.  '  SOL 


CHAPTER  XII 


GENERAL  CONCLUSIONS  AND  IMPLICATIONS 


ERIC  . 
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;       .  '  .       \     .   '  502 

1.    Introduction  and  Theoretical  Pers^pective 

.Apart  frpm  substantiating  the  postulated  sequence  of  graphical 
'  .  *     *  * 

interpretation  skills  (with^occasional  incpnsistehcies  -  outlined  in 

Chapters  VI- XI) ,  the  results  of  these  validation  studies  have  produced 

a  .riumbfer  of  important  coficlusipns  and  general  implications  related 

to  various  aspects  and  conditions  of  hierarchical  learning..  In 

addition  these  results  have  also  served  to  clarify  certain  basic 

definitions,  and  it  may  be  useful  to  re-examine  these  in  retrospect 

as  a  basis  for  more  definitive  integration  of  the  various  conclusions 

arid  implications  with  Gagn^'s.  (1965).  ^theoretical  model,  and  with  other 

relevant  findings  from  previous  research,  - 

It  was  explained  in  Chapter  I  that  Gagne's  model  of  hierarchical 

learning,  although  initially,  proposed  to  cover  in  the  same  sense  all 

categories  of  learning  behaviour  (Gagn^  1965) ,  was  later  qualified* 

to  account  for  certain  fundamental  differences  between  intellectual 

.  abilities  or  skills  and  elements  of  verbalised  knowledge  (Gagn^^ 1968) • 

Intellectual  skills  were  subsequently  described  as  general  groups  or 

classes  of  logically  similar  tasks,  and  defined  m  terms  .of  basic 

operational  characteristics.      Thu^s  an  instruction  to  calculate  the 

position  of  a  specific  point  pn,.a..twor-dimensiona:l-grid"^CelMen^  1/2 

in  the  postulated  learning  hierarchy) ' could  be  used  to  describe  a  number 

if  individual  or  specific  tasks,  each  referring  to  a  different 

co-ordinate  point,  but  all  involving  the' same  set  of  procedural  steps. 

In  contrast  with  this  type  of  generalised  skill,  elements  of  verbalised 

knowledge  (for  example  that  A.B.R.  represents  Annpal  Birth  Rate,  ar^ 

that  Time  is  measured  in  years  -  see  Programme  II  in  Volume  III)  were 

51  d 


defined  as  single  or  specific  interpretative  tasks • 


^.        Each  of  the  basic  intellectual  abilities  from  the  postulated 
learning  hierarchy  was  shown  in  Chapter  IV  to  incorporate  a  number^ 
of ^different  subdivisional  skills,  more  limited  in  scope  of  application, 
but  similarly  defined,  in  procedural  terms.      The  delinS&tion  of  each 
siibdivisional  skill/  *^ich  was  determined  by  the  practical  limits  of 
ijnmediate^  1^  transfer  from  one  sub-set  of  tasks  to  another,  was 

initially  .proposed  on  logical  grounds /  and  subsequently  confirmed 'by 
empirical  analysis.     *Thus  the  former  intellectual  skill  of  two- 
diihensional  co-ordinate  location  (element  1/2,  previously  designated  * 
1/1)  was  shown  in  Chapter  Iv  to  involve  different  subdivisional  skills  ^ 
for  Horizontal  and  Vertical  pcsi^tion/  for  integral  and  rational  numbers, 
and. for  positive  and  negative  numerical  sign. 

;|     The  operational  definitions  outlined  above  for  both  basic 
-.intellectual  and  subdivisional  skills  can  now  be  used  to  elaborate  in 

-  'I 

practical  terms  on  Gagn^'s  (1965),  general  model  of  hierarchical  learning. 

.  '1  -  .       *      .  ■      '  .   I'  - 

This  model/  as  explained  in  Chapter  1/  is  based  on  yertical  or 
sequential  learning  transfer/  and  suggests  that  '^ny  complex  intellectual 


skill  may  be  systematically  resolved^^to  produce- a  comprehensive  set  of 
logically  related  and  progressively  simpler  skillS/  hierarchically 
organised  so  that  each  in  turn  is  dependent  on  the  mastery  (and  recall) 
of  a  specified  set  of  prerequisite  or  subordinate  skills*  However 
the  extent  to  which  a  particular  skill  is  theoretically  dependent  on 
its  specif ied  subordinates  is  not  a  matter  of  universal  agreement. 
White  (1971)  maintains  that  .the  r^ationship  is.  absolute/  and  comments  .X, 
,on  the  "premature"  weakening^in  GagnS's  own  position  (see  White  1971/p.327) 
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from  ah  absolute  relationship  to  one  involving  an  unspecified  but 
"substantial  amount'  of  positive  transfer"  (Gagng  1968) .      It  ^as 
suggested  in  Chapter  VI,  however,  that  the  latter  position  was 
probably  more  realistic in  that  it  allowed  some  flexibility  for 
individual  background  differences  and  alternative  learning  pathways , 
although  statistical  information  consistent  with  both  abso.lut:e  and 
weaker  positions  was  provided  for  each  of  these  validation  studies. 

Although  there  seems  to  be  some  disagreement  on  the  extent  of 
hierarchical  relationship  between  intellectual  skills,  there'^^is 
nevertheless  general  cohcjurrence  on  the  applicability  of  Gagne'6 
model  (see  Chapter  I/Section  3^.      There  is  also  concurrence,  .however, 
that  thd^  same  type. of  hierarchical  model  may  be  inappropriate  for 
other  forms. of  learni^ng  behaviour.      The  suggestion  by  Gagne  (i968)  ^ 
for  example,  that  elements  of  verbalised  knowledge  may  not  be*  learned 
in  the  same  hierarchical  manner, as  that  proposed  for  intellectual 
skills  was  empirically  substantiated  in  a  recent  study  by  White  (1971) 
The  same  conclusion  ,was  also  proposed  by  White  (1971/pp. 19,22)  as  a 
possible  explanation  for  the  bre*akdowh  of  certain  postulated  - 


hierarchical  relationships  in  other  research  studies   (for  example  see 

Kolb  1967/8* and  Okey  1968).      Additional  evidence  is  provided  by  two 

\    ■  ^  '        '  ' 

of  the  present  validation  studies  that ^although  elements  of  specific 

*    -  \  .  ^ 

terminology  may  be  necessary  to  identify  relevant  intellectual  skills 

*^  \  *  ■  '  • 

(e.-g.  rate  of  change  in^A.BVRI  =  gradient  for  A.B.R./Time  graph),  the 

acquisition  and  application  of^these  intellectual  skills  is  apparently 

\      •  . 
not  dependent  on  any  meaningful  interpretation  of  the^associated 

\    '  .  . 

terminology  (see  Chapter  Vll/Section  3.  and  Chapter  Xl/Section  3) 
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It  follows  frbm  tfis  conclusion  that  the  potential  generalisation 

t  -     *  .  *  '  .  " 

of  a  particular  intellectual  skill  may  riscidily.  be  extended  to-  "any 
specific  inform<£tional  context  by  providing  the  appropriate  terminology 

instructional  cues.      Thus  in  the  example  given  above  that  rate  of*  ^ 
change  in  A.bIr,  =  gradient  for,  A,B/R,/Time  graph,  the.  same  intellectual 
skill  (calculation  of  gradient  at  a'  specified  point)  may  be  applied 
to  any  other  situation  simply  by  substituting  the  appropriate  variables 
for  A.B.R,  and  Time.      It  follows  conversely,  however,  that  the 
successful  applipation  of  a  given  intellectual  skill  does  not  guarantee 
any  meaningful  interpretation  of  the  relevant  resCilt.      Thus  the 
calculation  of  gradient) for  a  particular  graph  does  not  involve  the 
at^illty  to  translate  this,  result  into  any  real  or  meaningful  context. 
This  point  was  mentioned;  earlier  in  Chapter  XI,  and  emphasises  what 
is  perh^j^s^the'  most  serious*  limitation  of  intei.lectual  learning  skills, 
^namely  the  lack  of  any  requirement  for  meaningful  interpretation. 
This  problem  appears  to  involve  more  than  the  influence  of  any  limited 
set  of  specified  prerequisite  skills,  and  may  therefor^e  be  more- 
closely  related  to  the  "meaningful"  dimension  of  Ausubel's  (1968) 


theoretical  model,  rather  than  to  Gagn^'s  (1965)  explicit  hierarchical 
scheme.      To  the  extent,  however that  meaning  is  a  function  of 
•'^cognitive  structure"  (Ausubel  and  Robinson  1969/p.l58),  and  that  this 
in  Stum  is  a^^oduct  of  previous  learning  experience,  (p. 158),  Gagne's 
model  is  by  no  means  irrelevant. 
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'2*    The  Significance  of  Subdivisional  Analysis 

The  recognition  and  empirical  verification  mentioned  above 
of  different  subdivisional  skills  within  .each  intellectual  ability* 
increases  the  complexity  of  relevant  hierarchical  relationships,  and 
hence  tiie  danger  of  falser  rejection  through  comparison  of  different 
subdivisional  skills  at  successive  hierarchical  levels.     .In  these 
studies r  for  example,  the  postulated  hierarchical  connections  were 
validated  only  between  analogous  subdivisions  of  related  intellectual 
skills,  arfd  despite  the  provision  of  separate  instructions  and  example 
'for  each  of  these  subdivisional ■ skills,  their .difference  (or  .  ^ 

.independence)  was  confirmed  at  various  levels  in*  each  validation 
programme.      Perhaps  the  most  important  implication  of  this  j|esult# 
•  at  least  in  practical  terms  ,^^5  that '  the-potential  application  of  any 
validated  learning  Tiierarchy  is  restricted  to  the  limits  of  lateral 
transfer  defined  by  the  relevant>»subdivisional  skills  represented  in 
the  instructional  programme.    «^is  result  may  also  serye  to  explain 
some  of  the  incpnsistencies  observed  in  previous  hierarchical  - 
validation  studies,  .wHere  the  lack  of ^bdivisional  classification  and 
anaXysis^ may  have  led^to-^mprecise^definTti^^  basic  intellectual 


skills  (Ford  &  Meye^  1966;     Kolb. 1567/8;    Okey  1968). 
•      ,^  in  a  positive  sense  th^  definition  of  sC,  iivisional  skills  may 

,  '    \  '         beVused  as  a'tneans  to  .extend,  on  a  systematic  basis,  the  potential  *^ 
-application  of  any  basic  intellectual  ability  or  complex  learning 
hierarchy.  *    It -was  suggested,  moreover,  in  Chapter  VIII  (Section  3), 
that, this  extension  in  so^pevTa^y probably  best  achieved  progressively 
at  each,  level  of  the  learning  hierarchy,  so  that  each  intellectual^ 
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ability  would  cover  .the  same  potential  range  of  specif  i'd  interpretative 

tasks.      The  evidence  of  random  forgetting  provided  earlier  by  Gagn^ 
"•'i    ■  ' 

and  Bassler  (1963)  reinforces  this  suggestion,  since  the  extension  ' 

in  scope  of  isolated  higherrlevel  aibilities  .to  cover  different 

f 

stabdivisional  skills  could  not  possibly  be  transferred  to  subordinate 
skills  already  forgotten^  and  even  if  all  of  the  subordinate  skills 
.  could  be  recalled,  there  is  no  evidence,  to  suggest  that  this  extension 

would  iitunediately  be  transferred.      This  approach  of  systematic  and 

*        \  '  . 

progressive  extension  of  basic  intellectual  skills  is  in  contrast  with, 

many  of  the  current  practices  in  the  teaching  of  graphical  interpretation 

skills,  at  least  with  respect  to  numerical  range  (see  also  Chapter  11/ 

Section  2  and  Chapter  Vlll/Section  1)^      It  wa^  also  established  in 

Chapter  VIII  (Section  3)  that  although  an  extension  in  scope  of  certain 

V 

intellectual  skills  may,  affect  the  relevant  difficulty  levels,  the 
basic  hierarchical  structure  of  interrelationships  remains  unchanged. 

3.    The  Effects  of  Personal  and  Situational  Variab/es  on  the  Postulated 

.        .         ^'  *  *  ^    .  / 

•  Learning  Hierarchy 

-    ;  .  ■  ■ 

•In  contrast  with  the  limits  on  potential  generalisation 
established  by  the  analysis>of  subdivisional  skills,  it  was  shown  m 
several  of  the  majoT^valldatioir^  in  specific 

curricular  background  (Chapter  IX),  in  general  educational  and  culturS 
background  (Chapters  X,  XI),  and  in  age  and 'nominal  academic  level 
(Chapter s/lX-XI)  had  no  substantial^  influence  on  the  acquisition 
sequence  of  intellectual  skills  in  the  postulated  learning  hierarchy*. 


Thus  in  spite  of  possible  differences,  in  element  difficulty  levels 

•    •      ■       ■    ,  r  • 
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the  ptofcntial  generalisation  of  validated  learning^  hierarchies  may 
*bo  largely  ind<?poridont,-oC. the  .variables ,_both..perspnal  (background, 


age^  and  'academic  level)  ^t\d  situstionai  (infoifmational  context)  , 

»    .  y    .  •  "  • 

examined  in Jthese 'studies. *  v  -        .  ^'    *  ^ 

Although  Qualified  by  certain,  liihitations  Houtlined,in  Chapters 

•  •    '  •  •'  *  -  ^    *  ■■  ' 

VI-XI),  this  conclusion  has- important  implications  for  curriculufc 
planning  and  'development,  since  it  follows  thatt4ihe  postulation  and 


.empirical  validation  of  certain  basic  learning  hierarchies  may  be  used 

I.   '      °  ■  •■ 

to.,  provide  a  nucleus  for  the  develofanent.  of  relevant  curriculum 

*  •  .  * 

programmes  on  both  a  national  and  international  scale.      Many  of  the 

r       <:  ■  '  .  ' 

'currerit  programmes  on  graphical  interpretation  (e.j.  Nuffield,  3.S.C.S.., * 

'  t  >  * 

I^S.C.S.,  S.t^.S.Gv  -  see  Chapter  Il/Section  2)  haye 'already  achieved.; 

national  or  international  implementation,  but,  in  terms  of  presentation 

;  ^  •  . 

sequence  these  programjjies^,are  often  inccmpatible,  and  none  have  so 

%  '  .         I     ^    -  ' 
far    Heen  subjected  to  empirical  validation. 
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^        The  implications  of  common  learning  hierarcnies  across  differences 

'  in  background  experience  are  equally  important  for  curriculiam  evaluation, 
.J*   .      '  ■  .*  '  " 

in  that  the  same* hierarchical oStructures  may  serve  as  a  basis  for  both 

Instructionar  and  diagnostic  testing  purposes*      It  is  important,  however 

•to  emphasise  in  this  respect  that  the  basic  learning  hi"^rarchies 

mentioned  above  are  essentially  concerned  with  general  mechanistic  skills 

and  incorporate  no  Conditions  of  meaningful  interpretation,  so  that 

special  adaptations  would  have  to  be  ^m^de  Vin  the  ^development  of  any. 

curriculiim  programme  to  account  for  more  specific  conceptual  y 

difficulties  arising  from  particular  background  characteristics.  This 

has  alreadv  been  mentioned  in  the  cqntext  of  the.  Papua/New  Guinea  ^ 


•  -  "      •  ^  509.» 

*       •  %.         «  '  , 

ti      ■  * 

validation  study  witfi  Programme  II  {chapter  XI) ,  and  is  consistent 

^  -     '      .    ^  '   .  ' 

with. the  implications  of*  other  relevant  research  (Mackay  and  Gardner  j 
r  1969;    Prince  1967,  1969^.1970) . 

«  :  -      .  •  "     -  ,         .  •  •* 

4»  ,  Aspects  of  Methodological  Significance     *    '       .  * 

Apart  from  the  g[eneral  conclusions  and  implicatipns  outlined  above, 

these  validation  studies  have  provided  valuable  information  on  a  number 

of  important  methodological  problems.      In-  the  statistical  validation 

►«^)  for  example,  the  use  of.  marginal  totals  instead  pf.  indiyidual  • 

/"  .  .         *    ^  "  -^^      ■     "  ,    ,        .  , 

ores  was  in  some  cases  shown  to  p^roduce-  unrealistically  high  % 

values  for  the  calculated  critical  number  of  0/2  cell  exceptions  (see 

for  example  Tables  6/15*(B) ,  6/16  (A),  7/14  (C)  and  7/15  (A).).  This 

problem  was  most  apparent  when  the  subordinate/  skill  jiif  f  iculty  level 

^was  iow,  and  the  errors  of  measurement  (or  degree  of  response 

!  I 

inconsistency)  relatively  high.      In  extreme  "situations  the  calculated 

/ 

critical  number  of  0/2  cell  exceptions  was  higher  than  the  actual  nxamber 
of  students  who  failed  the  subordinate  skil^,  so  that  the  postulated 
hierarchical  connection  <:ould  not  possibly/be  rejected.      For  most  of 
the^e  cases,  however,  the  relevant  connection  was  more  effectively 
substantiated  in  alternative  validationyexperiments,  and  thus  the 

..problem  effectively  resolved  by  replication,  although  thi^,  procedure 

"  I  . 

would  obviously  be  too  tedious  to  rec'bmmend  as  a  matter  of  routine. 

In  view  of  the  correspondence  fn  validation  results  across  different 
academic,  age  and  difficulty  levels,  it  would  probably  be  more  appropriate 
to  validate  suitable  sections  of  a  given  learning  hierarchy  with 

<    •  / 
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different  groups  of  students,  and  thus  avoid  the  complex  statistical 
problems  associated  with  extreme  difficulty  levels.      Thus  the  present 
learning  hierarchy  might  be  validated  more  effectively  in  several 
different  overlapping  sections  presented  at  different  academic  levels, 
with  the  comprehensive  structure  subsequently  collated  from  results 
for  the 'various  constituent  sections.      It  would  be  necessary,  however, 
to  ensure  that  students  engaged  in  more /complex  sections  of  the 
hierarchy  possessed  all  of  the  relevant  prerequisite  skills. 

^   The  calculation  of  statistical  power  for  che  test  of  hierarchical 
dependence  was  also  affected  in  various  ways  by  extreme  difficulty 
levels  and  relatively  large  errors  of  measurement.      Since  the 
alternative  hypothesis  was  associated  with  the  proportion  of  students 
succeeding  at  the.superordinate  skill,  the  power  was  drastically  reduced 

a  *  " 

when  the  .relevant  difficulty  level  was  particularly  high  (see  Chapter 

Vl/Section  2).      On  realistic  expectations  the  power  should  also  be 

f 

associated  with  the  subordinate  skill  difficulty  level,  and  diminish 
as 'fewer  students  fail  the  subordinate  skill  (Chapter  Vl/Section  2). 
There  seems  no  obvious  reason,  however,^ to  relate  the  alternative 
hypothesis  (or  postulated  proportion  of  exceptions)   to  the  subordinate 
skill  alone,  since  each  exceptional  student  must. also  succeed  at  the 
higher  skill.      Thus  a  combination  of  alternative  conditions  may 
present  the  most  approjjriate  solution,  with  the  powet  of  the  test 
determined  according  to  the  most  stringent  or  limiting  hypothesis,  and 
hence  the  most  extreme  difficulty  level.      This  solution  would  obviously 
be  modified  by  the  degree  of  response  inconsistency  for  both  subordinate 
and  superordinate  skills,  since  any  errors  of  measurement  would 
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invariably  tend  to  reduce  the  statistical  powe:.  .• 

I 

The  most  significant  problem  With  respect  to  general  validation 
procedure  concerned  the  omission  of  regular  retesting  segments  in  the 
preparation  of  the  learning  .progra time.      The  argument  for  this outlined 
in  Chapter  V  {Section  3)  ^  was  that  any  students  who  atfquired  prerequisite 
skills  in  the  process  of  attempting  more  complex  capabilities  should  be 
classified  as  legitimate  exceptions  to  the  postulated  hierarchical  « 

•sequence^      In  some  cases,  however,  the  teaching  of  sequential  skills 
required  extensive  repetition  of  certain  basic  instructions  (see 
Programmes  I-III/Section  1  in  Volume  III) ,  so  that  the  problem  of 
incidental  acquisition  became  particularly  pronounced,  and  either 
'  forced  the  relaxation  of  null  hypothesis  conditions  or  resulted  in 

.outright  rejection  of  the  postulated  hierarchical  connections  (see 
Outline  of  Validated  Hierarchy  for  areas  1-3  in  Chapters  VI-XI> .  The^ 
contrary  argument  expressed  by  White  (1971/p.31)  that  the  incidental 
acquisition  of  a  supposedly  essential  subordinate  skiLl^may  still  precede 
the  more  complex  capability  seems  reasonable  enough,  bu^\this  is  still 
inconsistent  with  the  proposition  that  the  simpler  skill  is,  in  its  own 
right,  an  essential  prerequisite  capability,  and  thus  does  not  provide  a 
basis  to  set  aside  the  relevant  information.      On  the  other  hand, 
however,  where  the  repetition  of  basic  instructions  provides  an  additional 

and  ess^entially  independent  opportunity  to  learn  a  particular  subordinate 

I 

skill)  this  approach  may  well  be  justified  on  practical  grounds  to 
differentiate  between  the  two  related  skills. 
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Apart  from  the  practical  relevance  to  graphical  interpretation 
skills  I  the  studies  outlined  in  this  research  have  provided  valuahJe 
information  on  the  nature  and  ddnditions  of  hierarchical  learning, 
and  have  also  produced  a  number  of  important  methodological 
developments  concerned  with  the  validation  of  learning  hierarchies 
and  the  analysis  of  subdivisional  skills.      These  studies  have  also 
revealed,  however,  that  there  are  mA.ny  methodological  deficiencies 
which  have  yet  to  be  overccxne. 

There  are,  in  a(}dition  to  the  Vcirious  problems  outlined  in  this 
research,  a  number  of  fundamental  issues  requiring  further  investigation. 
These  include,  for  example',  the  relative  efficiency  of  different 
instructional  sequences,  and  of  alternative  learning  hierarchies  with 
the  same  or  similar  terminal  skills,  the  necessity  for  systematic 
review  in  order  to  account  for  random  forgetting,  and  above  all  the 
effects  of  meaningful  interpretation  on  both  immediate  learning  . 
efficiency  .and  long-term  retention  of  ba'sic  intellectual  skills. 
These  problems  are  particularly  important  both  in  a  theor.etical  sense, 
to  provide  further  information  on  tne  nature  and  conditions  of 


hierarchical  learning,  and  in  a  practical  sense  to  substantiate  the 

application  of  learning  hierarchies  inWrriculum  planning  and 

development.      Each  of  these  problems  wi^^of  course  involve  its  own 

methodological  difficulties,  but  in  terms  of  general  implication  should 

hold  considerable  promise  for  prosf)ective  research. 

/ 
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A  TEST  OF  DIFFERENCE  FOR  DICHOTOMOUS  DATA  WHICH  ACCOUNTS 


FOR  ERRORS  OF  MEASUREMENT 
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A  Test  of  Difference  for  Dichotomous  Data  Which  Accounts 
for  Errors  of  Measurement  1 


•    The  following  test  was  developed  in  collaboration  with 
Dr,  R,.  T.  White  (Faculty  of  Education,  Monash  University),  and  is 
based  on  a  model  developed  earlier  by  White  and  Clark  (1973,  see 
also  White  1971)  for  a  test  of  hierarchical  dependence. 

Suppose  that  there  are  two  abilities,  designated  I  and  II,  so 
that  in  any  population  four  relevant  groups  can  be  distinguished 
let  the  proportion  with,  neither  ability  be  P^,  with  ability  I  only 
be  P^,  with  ability  II  only  be  P^^,  and  with  both  abilities  b"e  P^^, 
If  the  possession  of  either  aibility  also  implies  possession  of  the 
other  (that  is,  if  both  abilities  are  the  same),  then  the  proportion 
with  only  one  ability  will  be  zero.  Thus  the  null  hypothesis  may 
be  stated  as  - 

Ho:  =  P^^  =  0  \ 

(The  alternative  hypothesis  would  probably  involve  Pj>0  and/or 
p^^>0,  but  because  of  more  complex  considerations,  which  include  the 
possibility  of  differential  proportions  for  each  of  these  abilities, 
this  matter  has  not  yet  been  resolved.) 

Suppose  that  a  sample  of  size  N  is  drawn  from  an  infinite  population, 
and  that  the  members  of  this  sample  are  given  two  questions  to  test 
each  ability.      These  subjects  can  then  be  distributed,  according  to 
their  results,  on      2x3  contingency  table  (see  Figure  13.1).  If 
allowance  is  made  for  errors  of  measurement,  there  is  some  probability 
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that  a  given  member  of  the  sample  may  be  classified  in  any  of  the 

nine  colh;,  ovou  If  Mo  is*  trot^,  hut:  if  llo  L«  fnliic,  then  obvinuijJy 

,tho  greatest  difforonro  bt^wooii  ol)5;orvod  and  oxpecto<l  disUr ibul.i'cms 

will  occur, in  the  2/0  (top  left)  and  0/2  (bottom  right)  cells.  Thus 

Ho;may  be  tested  by  comparing  the  observed  and  expected  number  of 

subjects  classified  in  these  two  cells. 

Assume  that  chance  errors  or  successes  on  all  four  questions*  are 

independent,  and  attributable  solely  to. errors  of  measurement.  Assume 

also  that  the  p;:obabilities  of  chance  errors,  or  of  chance  successes, 

are  equal  for  the  two  questions  defining  each  ability. 

Let  e    represent  the  probability  of  someone  with  ability  I 
a 

answering  correctly  any  question  for  that  ability,  and       the  probability 
that  someone  without  ability  I  correctly  answers  any  question  for  the 
same  ability.      Let  9    and  0^  represent  the  corresponding  probabilities 

C  u 

for  ability  II.      The  probabilities  'of  randomly  selected  members  of 
the  sample  being  classified  in  the  0/2  and  2/0  cells  can  now  be 
calculated  according  to  the  following  equations. 

+      (1  -  e^)2  '  '  ^ 
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Estimates  of  the  various  P  and  0  parameters'  can  readily  bp^' 
obtained  from  the  observed  marginal  totals,  of  the  contingency  table 
shown  in  Figure  13.1.  .    More  reliable  estimates  could  proBably  be 

der^ed  from  individual  cell  frequencies,  but  the  necessary 

* 

*a calculations  would  .be  considerably  .more  tedious.  .   The  expected 
-  marginal  totals  are  presented. in  the  following  simultaneous  equations* 

AAA  ^  A  A  A 

Ability  I:     2  Correct  ((P^+P  )  G      +  (P^+P^^)' ]  N  =  a  "  [3] 

,        I    B      a        .    0     II      D  ^  . 


1  Correct  2[(f>\,+P„)6     (1-0  )  +  (P^+P^'  )  6.    (1-6.  ) )  N  =  b  [4] 
I    Ba       -a  Ollb  b 


O'  Correct  [(P^+P„).  (1-6  )^  +  (P^+P^t)    (I-^kJ^J-  "  =  =  t^J 
IBa  0    II  b 


Ability  II:  2  Correct  [ {P^+P„)  G      +  (P^+P^^)  0 ,  ]  N  =  d  [6] 

I    B      c  Olid 


1  Correct  2[(P^+P„)  6     (1-6  )  +  (P^+Ptt)  ^  =  ^  ^'^^ 

.IBc         c  U'lld  d 


0  correct  [(P^+P„)    (1-6  )     +  K^J^^^J)    d-^i)   1  N  =  f  [8) 
I     B  C  U     II  a 


One  of  the  above  equations  for  each  ability  is  degenerate/  and 

since  P^,  +  Px  +  ^tt  ~        and  under  HO/  P    =  P      =  0/  we  are  left 

OIIIB  IXI 

with* five  equations  in  six  unknowns.      Thus  an  additional  ^restriction 

must  be  specified  in  order  to  achieve  a  unique  solution  for  each  of 

these  six  unknowns.    "  A  range  of  alternative,  and  apparently 

reasonable  restrictions  could  probably  be  applied,  although  some  of 

these  (e.g.  6^  =  6.)  have  in  oractice  proved  extremely  sensitive  to 
b  a 
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discrepancies  in  Jorresponding  marginal  totals  for  the  two  abilities » 
and  have  therefore  tended  to  produce  quite  unrealistic  estimates  of 
the  other  parameters.      Two  of  the  more  promising  alternative  ^ 
*    res^ictions  are  presented  below  with  appropriate  rationale  J 

This  expression  stipulates  that  the  probability  of  guessing*  a 

correct  response  for  ability  I  without  possessing  the  ability  is 

giyen  by  half  the  maximum  observed  proportion  of  subjects  who  qould 

possibly  have  made  such  a  guess.      This  restriction  gives  equivalent 

weighting  to  each  of  the  dichotomous  groups  for  ability  Iir^in  that 

half  of  the  observed  experimental'  errors  are  proposed  to  arise  through 

guessing    by  those  without  the  ability,  and  half  through  chance 

mistakes  by  those  who  actually  possess  the  relevant  ability.      It  is 

a  matter  of  arbitrary  choice  that  6^^  is  set  instead  of  9^/  and  perhaps 

this  is  a  logical  weakness,  although  unless  Ho  is  obviously  false  the 
t 

two  expressions  should  be  substantially  the  same. 

This  reduces  to  -  .  ' 

d 


P 


L  f  +   -1-  ^  rii) 


B  ^    a+c    ^  d+f 

This  expression  involves  the  distribution  of  middle  values  (b  and  e) 
of  the  observed  marginal  totals  between  the  upper 'and  lower  values  in 
proportion,  then  takes  the  arithmetic  mean  of  both  estimates  for  P^/ 
thus  avoiding  any  arbitrary  choice  between  the  two  abilities. 
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In  practice  both  of  these  restrictions  appear  to  produce'  \ 

•     •                        .             ■          ■  \ 

sensible  results  for  all  paramotersr^btiL^  blncu  dri"0'f.  the  subdivisional  \ 

•  •■ 

y 

I'    analysis^  rosul      roiH>rliHi  In  tl^is  rosoarch  involved  the  use  of,  \ 
restriction  (1) ,  the*  solutions  for  this  alone  arc  p^^cnted  below. 

Solutions  for  Restriction  (1)                         "  ' 

•  • 

■                   A          .                               A                                          A                      A                      A                           A                                                                                                                                               ,  ' 

Note:          =  1  -        since  Pa  +       +  P^-r  +  P«      1  and  P-  =  P-.v  =  0  undqr  Ho. 
  0               B               0       .1        II        B                  I  II 

• 

• 

•  v    By  adding  twice  equation  [3]  to  equation  {4],  it  can  be  shown 
on  simplification  according  to  the  notes^  above  that  - 

• 

_- 

^       A                                          .     ^  . 

2  pj    +  2(1-P^)        =                                •                             '  [12]  . 
B  a               B      b         N  , 

This  equation  can  now  be^solved  simultaneously  with  equation  [3] 

to  produce  the  following  unique  solution  for 

^  ^  ^  [(    2N /)    "      ^bl  [13] 

r 

,                                 '        ^                                 A               .  / 

This  expression,  which  also  determines  the  value  of  P^,  may  then 

be  used  in  equation  [12]  to  solve  for  6  J 

a 

e   =-i-  (  ^)  -  l(  ^^^B)                               [14]  -  • 

The  addition  of  equation  [7]  to  twice  equation  [6]  produces  a 

linear  expression  relating  6^  and  §^  as  follows. 

^  ~            ^              ■■  -^'^B 

( 

• 
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•  This  expression  may  then  be  substituted  in  equation  [5]  to 

produce  the  following  quadratic  (equation  in  9  •     /      .  '  , 

•  c    •  • 

•  *  ■  <         .  B  •  \ 

This  equation  produces  two  alternative  solutions  for  0^/ 
although  in  practice  one  of  these  consistently  gives  unrealistic^ 
estiniates  outside  the  ^ange  of  0  -  l,  and  many  therefore  be  ignored. 
Thus  we  are  left  with  the  following  unique  solution. 


,   /  2d+e  N  ^  ,   \i  2d+eN  ^         1  /  aid+e  \  ^    ^  .  /  1-P_  N  d  117] 


B 

The  value  for  6^  derived  from  ^his  expression  may  then  bfe  used  * 
in'  equation  [15]  to  solve  £or  G^, 

The  values  for»^each  of  the  various  P  and  6  parameters  are  now  substituted 
in  equations  [1]^  and"  [2]  to  provide  estimates  of  P20*  "^^^ 

probability  of  x  subjects  being  classified  in  the  0/2  cell  is  then 
given  by  the  binomial  expansion:- 

If\  the  observed  values  in  the  0/2  and  2/0  cells  are  X  and  Y 

\V  .  *  ■ 

respectively/  thep  the  probabilities  for  each  of  these  events,  or  events 

\  < 
less  devianV  from  that '.expected  under  HO/  are  given  by  the 

\  ' 
cumulative  probabilities*: - 


/  X 


\ 

\ 


</  =  0  ^  y  =  0 


V 
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The  .combined'piFobability  of  these^  or  less,  deviant  events  is*thon 


calculated  according  .to  the  foUdviing  expression. 


XY 


1 


'  Pr  '(y) 

02. 


2 


X  =  0 


y  =  0 


Ho  is  re*jected  when  P      is 'less  .than  the  value  ch6sen  'for  «  , 


the  probability  of  a  Type  1  error. 


*  ( 
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TESTING  MATERIALS  USED  FOR-  TflE 
ANALYSIS'  OF  SUBDIVISrONAL  SKILLS 
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V 


ERJC 


SEQUENCE  OF  PRESENTATION 


ELEMENT  OR 

NUMBER  OF  POSTULATED 

'  NUMBEI^OF 

BASIC  SKILL 

SUBDIVISlONAli  SKILLS 

•    '  QUESTIONS 

1/1 

,6  , 

\  12 

A/  4. 

6 

.     V  \ 

\ 

2/1  (A^ 

9 

18 

2/1 (B^ 

11  - 

22 

7 

14, 

3/2  "i 

2 

4 

4/1 

8 

\  ' 

16  '\ 

4/2 

8 

16 

4/3 

7 

14 

5/2 (A) 

8 

16 

5/3  (A) 

8 

16 

5/4  (A) 

\  8 

16 

5/2  (B). 

18 

5/3(B)  . 

5^ 

10 

/ 

16 

6/2 

^  8 

6/3  (A) 

2 

4 

i5/3(B)  . 

4 

8 

6/4  (B) 

4 

NOTE 

The.  definition  and  classification  code  for  each  element  in  this 
list  is'^pr^sented  in  Tables  3/1-3/6 (Volume  I/Chapter  XII)/  and  a 
comprehensive  outline  of  subdivisional  skilJj;  is  pr(\^,oiit(?d  in 
Tables  4/1-4/18   (Volume  I/Chapter  IV). 
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/ 

SUBDIVISION  ANALYSIS 


SET 


1/: 


NAME 


•SCHOOL 


DATE 


AGE 


CLASS 


INSTRUCTjONS 


Read  each\ question  carefully j  then  write 


your  answel^  in  the  space  provided.  Try  to 
guess  the  answers  to  any  ^questions  you  do 
not  know,  bu\t  do  not  waste  time  on  more 
difficult  prc^lems.  All  answegs  "should  be 
given  to  the  r\earest  dec^imal  place »  and 
any  other  calculations  lay  be  written  on 


the  back  of  the\page.  .The  sign  of  an  answer, 

v/here  this  applifes,  sho\ild  be  either  positive 

\         /  '   

(  +  )  or  negative  (V).    /  ggQ 


i  1/1-l(a) 

Y 


•10 

-  9. 

-8- 

A 

♦-7. 



-6- 

-5h 

-4- 

-3. 

-2- 

-1. 

0  --5 

)  "{ 

f 

9  4 

>  -1 

> 

L  « 

J 

^  i 

7  [ 

1  < 
9 

\  in 

-1- 
-2 

M 

\ 

-3- 
_4. 

-5- 

-6- 

-7- 

-— ^ 

-8- 

-9- 
-10- 

X 


Calculate  the  horizontal  (X)  position  of  A. 

"*  "  '  ~  ~  ~        ? ' 

(sign)  (number) 


ERIC 


1/1-1(b) 

\ 

\ 


Y 


•!0 
.9- 

\ 
\ 

1 

•  8- 

-7. 

-6- 

X 

-5^ 
-4- 

t 

Ni  ■ 

-3 

-2- 

J 

-1. 

u  * 

1  -I 

1  t 

5  -5  -i 

1 

f  * 

>    — ^ 

1  : 

I  : 

I  i 

• 

7  i 

\ 

9  10 

\ 

-2- 

1 

-3- 

-5- 

-6- 

-7- 

-8- 

-9- 

-irf. 

X 


^  Calculate  the  horizontal  (X)  position  of  A. 


AITSV/ER 

(sign)  (number) 

"  552 

ERIC 


l/l-.2(a) 


Y 


•to- 

-9. 

.8- 

-7- 

-6- 

-5. 

-  A- 

-3 

- 

-2- 

-1. 

u 

f  t 

^'  -1 

#  * 

J  : 

I 

9  10 

C 

rt- 

-2- 

— 

-3- 

-4. 

-5. 

-6- 
-7- 

-8- 

.9. 
-10 

X 


Place  a  mark  (X)  at  the  position  (X  =  4  /  I  =  7)  on 
the  graph  above. 

\ 

0 
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l/l-2(b) 


Y 


•10 

-9. 

-8- 

-7- 

-6- 

-5. 

1 

* 

-3'. 

-2- 

-1- 

0  -J 

f  -1 

c  - 

1  * 

C 

\ 

)  I 

> 

r  ) 

1  ' 

*  11 

-1- 

b 

-2- 

.3. 

-5. 

-6- 

-7- 

-8  J 

"1 

-inJ 

X 


Place  a  mark  (X)  at  the  position  (X  =  9  /  Y  4)  on 
^the  graph  above ♦ 


1/1-3(si,) 


Y 


•10- 
-9 

■  8^ 

-7j 
-.6'. 

-5. 

-4- 

^\ 

-3. 

f 

.2- 

- 

- 

X 

-1. 

t 

u  ~* 

r  —I 

:  -1 

1  * 

L 

/ 

>  \ 

*  * 

\  \ 

9  10 

-1- 
-2 

,( 

-3- 

-5- 

-6- 

-7- 

> 

-8- 

-9- 
-10 

X 


Calculate  the  horizontal  (X)  position  of  A, 


(sign)  (number) 
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•tOi 
-9. 

-8- 

-7- 

• 

-6. 

* 

-5. 

-4- 

-3. 

f 

-2- 

• 

0 

^  -1 

5  -! 

!  -1 

1  . : 

J  : 

\  ' 

)  • 

1  ■ 

1  ' 

\  1 

-1- 

-2- 

-3- 

5 

-5. 

t 

-6- 

-7- 

.-8- 

-9- 
-10- 

Calculate  the  horizontal  (X)  position  of  A* 


A}IS;/E!R 

(sign)  (number) 


8- 


•10  -9  -8  -7  -6  -5  -4  -3  -2  -1 


-7- 
-6- 
•  5. 

i,. 

3. 

2- 

1. 

-1- 
-2- 
-3- 

f-5- 


123456789  10 


f-7- 
-8- 
-9- 
-lOJ 


Calcailate  the  horizontal  (X)  position  of  A. 


AilJVGR 


(sign)  (number) 


Y 


•10 

.9. 

-8- 

-7 

-6- 

-4- 

f 

-2. 

-1. 

0 

\ 

* 

>  «1 

1  * 

1  A 

>  < 

c 

\  1 

9  10 

-1- 

- 

-2- 

-3- 
-4- 

-5- 

-6- 

-7- 

-8- 

-9- 
-10- 

X 


Calculate'  the  horizontal  (X)  position  of  A. 

t 

I 

AIJSWER  . 

^^^^^^^^^      _  < 

(sign)  (number) 


ERIC 


'l/1-5(a) 

/  . 


Y 


« 

la- 

-6 

\ 

-5- 

-4- 

1 

-3^ 

X 

s 

-2- 

A- 

•  • 

-> 

\ 

I  ^  1 
f  ^  i 

>  -7  -I 
» 

S  -4 

I  -1 

1  i 

I 

\ 

>  < 

1 

9  10 

-  - 

-1- 

-2- 

-3- 

-5- 

-6- 
-7- 

-8- 

r 

-g. 
-10 

■  Ceaculate  the  -horizontal  (X)  position  of  A. 

« 

a 

AHSy/BR 

.(sign)  '  (number) 


I 


-7- 


/ 

« 

/ 

-y. 

-6- 

-.5. 

■ 

/ 

.3. 

t 
! 

■  - 

I 

i 

:t 

- 

« 

P 

1  -3 

'  -( 

5 

i  -: 

1  : 

6 

7 

9-  10 

-1- 
-2- 

• 

- 

• 

-3- 
.4. 

• 

< 

— < 

i 

*  < 

! 

-9- 
-10- 

! 

1 

Calculate  the  vertical  (Y)  position  of!  A. 


AIISV/ER 


(sign) 


(number) 


ERIC 


i 


•  l/1-6(b) 


• 

* 

"9/ 

/ 

/ 

\ 

- 

•  8< 

-7i 

/ 

• 

_$. 

- 

-5. 

1 

-3. 

*• 

/  • 

-2- 

- 

11. 

-  ■ 

,■ 

\ 

• 

- 

0  -  { 

>  -< 

J  -7 

5  -i 

3  -J 

I  -1 

\  : 

)  • 

U  ! 

S  1 

1  >  1 

J  '10 

• 

-I- 
-2- 

• 

*  - 

• 

< 

/ 

4- 

/ 

-6- 

r7- 

i  ^ 

7 

-9- 
-in- 

/ 

Calculate  the  verliacal,  (Y)  position  of  A. 


(sign)      (number)  , 


ERIC 


■/•" 


BASIC  SKILLS  OP  GRAPHICAL  INTERIRETATION 


SUBDIVISION  ANALYSIS 


SET  1/2 


NAME  /' 


A^E 


/ 

/ 

SCHOOL 

/ 

/  • 


SEX 


CLASS 


DATE 


INSTRUCTIONS 


ERIC 


Read  each  question  carefully,  then  i^ite 
your  answer  in  the  space  provided.  Try  to 
guess  the  answers  to  any  questions  you  do 
•    not  know,  but  do  not  waste  time  on  more 
^difficult  problems.  All  answers  should  be 
given  to  the-^earest  decimal  place,  and 
any  other  calculations  may  be  written  on 
« the  back  of  the  page.  The  sign  of  an  smswer, 
where  this  applies,  should  be  either  positive 
C-f)  or   legatlve  (-).' 

5 


J — 1 — I — I — 

?    21    «     5  J 


I  t 


-10  -91-8  -1  ^6  -5  -4  -3-2-10  1 


6    7.8    9  10 


Csilculate  the  position  of  A. 


AH'oV/ER 


(sign)  (number) 


1/2-1 (b) 


\ 

A 

i 

1  u. 

.J.  i 

_J  L 

1 

1 — 1| — 1 — 1 

-10  -9-8-7-6-5-4-3-2-10     1     2    3    4    5    6    7    8    9  10 


Calculate  the.  position  of  A, 


(sign)  (number) 


t/2-2(a) 


1.    t  I     i    I     i,  ! 


•10  -9  -8  -7  -6  -5  -4  73  -2  -1     0    1     2    3    ii     5    6-  7    8    9  10 


Plaof  a  mark  (X)  at' the  position  (+  2.oi  on  the 
nmber  line  above* 


556 


1/2-2(b.)  . 


'it  -9  -8  -7-6  -5  -4  -3  -2  -1     0    1    23    4    5    6    7    8    9  10 


Place  a  mark  (X)  at  the  position  (+  ?•©)  on  the 
number  line  above. 


56? 


Calculate  the  posi-tion  of  A« 


AIT3V/ER 

(sign)  (niimber) 


■  afiS 


1 

\ 

- 

I 

t/2-5(b) 

f 

\ 

A 

•> 

t  .  .  . 

1     1     •     1     1     1     •     1     1  1 

 « 

-10  -9  -8  -7  -1 

5  -5  -4  -.3  -2-1     0    12    3  4 

\5    6    7    8    9  to         .     \  ^ 

« 

•> 

\     /  _ 

r 

< 

Calculate  the  position  of  A. 

•» 

\ 

0 

\^ 
■  \ 

AITSV/ER 

J 

(sign)  (number) 

r 

i  0 

589 

U 

'  e 

ERLC 

 J 

l/2-4(a) 


I    I    I    t  I 


-10-9-8-7-6-5-4-3-2-1     0    1     2    3    4     5    6    7    8    9 .  10 


Calculate  the  position  of  A. 


AlISVffiR 


(sign) 


(number) 


ERIC 


70 


A 

_l  1  1  1  1  1  1 

\- 


-10  -9  -8       -6  -^  -4  -3  -2  -1     0    1     2    3    4     5    6    7    8    9  10 


Calculate  the  positidn  of  A. 


AITSV/BR 


(sign)  (number) 


ERIC 


a /I 


l/2--5{a) 


■'«'■'    ■  '  '■    t   I    I    I    I  I' 

■10  -9  -8  -7  -6  -5  -4  -3  -2-1     0    1    '2    3    I     5    6    7    8    9  10 


CEilculate  -^he  position  of -A. 


AMSVffiR 


(sign)  (number) 


ERIC 


a7;3 


l/2~5(b) 


■10  -9-8-7-6-5-4-3-2-1     0    1.2    3    4    5    6  7 


J— L 


9  10 


Calcmlate  the  position  of  A. 


¥  _ 


AWSVffiR 


(sign)  (niimber) 


9 


1/2-6 (a) 


lOj 
9  . 
8 

71- 

6 
5 
4 

3  h 

7. 
1 

0 
-1 
-2 
-3 
-4 
-5 
-6 
-7 
-8 
-9  - 
-10  - 


/ 


Osculate  the  position  of  A. 


'  / 


I 


(sign)  (number) 


/ 


ERIC 


u74 


r/2-6(b) 


\  ' 


10 
9 

.  8 

•  7 

5 

I 

3- 

I  ■  2 

—  0 
-1 

-2 
-3 
-4 
'  •  -5 
-6 
-7 
-8 
-9 
-10 


- 1 


3al6ulate  the  position  of  A. 

]  1 

✓ 

f 

(sign)      (niunber)  » 

ERIC 

V  » 

i  - 

« 

I*      •  ^^jK 

\  • 

1  . 

1 

i 


I 


BASIC  SKILLS  0P  GRAPHICAL  ISTERPRETATION 

 ^  ^  


SUBDIVISION  ANALYSIS 


SET  2/KA) 


NAME. 


AGE 


SCHOOL 


f - 


CLASS 


DATE 


INSTRUCTIONS 


Read  each  question  carefully,  then  write 
yopij  answer,  in  the  spaSe  provided.  Try  to 
guess  the  answers  to  any  ques.tions  you  do 


not  knbw/  but  do. not  waste  time  om  more 
dif ficult;'probl^iii^.  All  answers  should  be 
given^to.  the  nearest  decimal  place,  and 
an;:^  other  <:alcnlations  may  be  written 'on 
the' back  o'f  'the  pa^e>  ^.T^e  sign,  of  an  answer, 
•where.'  this  applieq,  shoiad  be  either  positive 


/(  +  )  .or  negative  X-'). 
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2/U 


< 

-  - 

rtO- 
-9. 

-  - 

-  • 

1 — 1 

• 

-8. 

• 

* 

-7- 

-S- 

■ 

-5. 

-• 

-4- 

-3. 

* 

—J 

-1- 

- 

p  -{ 

\  -J 

1  : 

> 

3  10 

* 

-1- 

• 

-2- 

-3- 

-5. 

-6- 

< 

-7. 

-8- 

"-9- 

-io- 

Calculate  tlie  value  of  Y  v/hen  X  =  2.0 


\ 


(sign)  (number) 


•2/1(A)-1(b) 


r 

*• 

rtOi 
.9. 

— ) 

-8- 

- 

— 

ui- 

-7. 

— ? 

■ 

-6) 
-5. 

U- 

—J 

-3. 

__ 

-2- 

p. 



-1. 

w 

-  - 

- 

u  * 

I  -  i 

• 

> 

5  ( 

7  \ 

9  10 

1  1 

-I- 

-2- 

-3- 
./,. 

•-5,- 
-6- 

-7- 

-8- 

-9- 

Galcxaate  the, -value  of  T  when  X  =  1  ,0 
1 


iuCSiVER 


(sign)  (niimber) 


O  ■ 
ERIC 


578 


2/1 (A)-2(a) 


* 

•lOi 
-9i 

-5  ,   .  , 

-8- 

] 

-7- 

— > 

r 

-6- 

t  » 

-5- 

/ 
/ 

— ) 

-3- 

- 

-2- 

i 

— ) 

t 

-1. 

• 

.- 

- 

f 

- 

■r-r) 

e- 

- 

5-;! 

1  : 

5  1 

7  ( 

1  ' 

3  10 

• 

-l- 
-2- 

— ) 

J— 

C-3- 

-5. 

f 

-6- 

1 

-7- 

-8- 

t 

-9. 

-10- 

Calculate  the  value  of  X  .vhen  Y  =  2.0 


Ai!3  (/IDR 


.(sign)  (numlDer) 


ERIC 


579 


2/i:(A)-2(b) 


I 

I-10- 
-  9- 

— ) 

6 

-8- 

- 

-7^ 

-6- 

— ) 

-5. 

-  4- 

• 

-33 

-2- 

—J 

-1. 

* 

u  « 

> 

1 

1  i 

I  1 

> 

f 

y  ' 

i  10 

-I: 
-2- 

— W 

-3- 

-5- 

if 

-5- 

V 

-7- 

-8- 

-9- 

> 

-inJ 

<> 

Calculate  the  value  of  "X  when  Y  =  S*0 


AlfSV/ER 


( sign )      ( numt)er )    u  ^ 


u80 


ERIC, 


2/1  (A)-3(a) 


9 

•103 
-9. 

-8- 

—J 

(— 

-7- 

-6- 

- 

-5. 

■ 

* 

i— 

-3- 

- 

- 

— ? 

-2- 

—J 

T  1- 

-  ^ 

0  -j 

i  -1 

1— ! 

-1- 

— 

J, 

< — 

-3- 
-4- 

-5- 
-6- 

r 

-7- 

-8- 

-9- 
-in- 

Calculate  the  value  of  Y  when  X  =  1.0 


AI-fSV/BR 


(sign)  (number) 


ERJC 


2/l(A)-3(b) 


-10- 
^  9. 

.  1 

-8) 

-7. 

e- 

- 

-6- 

— ) 

-  5- 

J— 

-  - 

-  A- 

V 

• 

-  3- 

—J 

f 

<■ 

-  2- 

— ) 

-1- 

H 

1  

2 — 3 
*  » 

5— ( 

5 

-1- 

— :} 

-  - 

-2- 

-  - 

-3- 

c 

— !>• 
^6- 

-7- 

-8- 

^-9- 
-10- 

CalQulate  the  value  of  Y  when  X  =  5.0- 


AiI3V/ER 


(sign)  (number) 


ERIC 


2/1  (A)-4Xa) 


<>  • 

[•10- 
-9. 

■ 

<> 

-8- 

( 

— ? 

0 

— ) 

- 

-7) 
-6- 

-5. 

1 

-4- 

\ 

-•3. 

-2- 

• 

• 

-1'. 

--- 

r  - 

\  -1 

J  : 

5  1 

9  10 

- 

-1- 

r2- 

- 

r3- 

- 

-5- 

-7- 

• 

1 

-8- 

-9- 

_  — , — 0 

•  • 

Jalculate  the  value  of  Y  when  X'=  9.0 
(sig?i)  (niimber) 

^ 

•  - 

''i 

.  i 

P 

\ 

O  * 

2/1  (A=)-4(b:) 


tIO- 
-■9- 

• 

-ff. 

-7i 

-6- 

- 

-5. 

t 

-4 

— ^ 

-3. 

/ 

-2- 

- 1- 

;  - 

> 

-  : 

- 

: 

0  < 

5  -i 

-  - 

! 

\  : 

5  ( 

\  10 

-2- 

- 

-3- 
-A- 

-  - 

-5- 

1. 

-6- 

-7- 

-8- 

-9- 

-10- 

Calculate  the  value,  of  I  v/lien  X  =  8.0 


ERIC 


(sign)  (number) 


.•  .  •.•2/|(A)-5<a>.  ■  V 


Y 
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|-9. 
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(— 

> 

-7- 

• 
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N 
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\ 
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i 
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- 

• 
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(-7- 
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M' 

«♦ 
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—J 
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<— 
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-2. 

I 
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\ 

• 

.-5. 

-6- 

-7- 

-8- 

\ 

<■ 

-9. 
-10- 

Calculate  the  value  of  X  when  Y  =  9.0 


^    (sign)  (number) 


ERIC 


1. 


585 


2/i(A)-5(b)- 
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\' 

■ 
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•• 

/ 

c 
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• 

s 
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1 

• 

0 
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• 

}  -1 

)  -i 

■ 
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> 

1  " 

9'  1( 
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- 

$** 

- 

-4  - 

• 

J. 

 c 

-5- 
-6- 

/ 

* 

-7- 

* 

r8- 

^  * 

— » 

-9- 
-10- 

Calculate  the  value  of 'X  when  Y  =  3.0 


(sign)*  (number)- 


'  .  586  -  , 

ERIC  -  •  ^ 


Y  . 


'2/i(A>6(^)  \  • 
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«  9- 

0 
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-• 

• 

• 

• 

■' 

.  Z. 

-3- 
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* 
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-5 

i 

• 

< 

-  ♦ 
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J 

i 

C 
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• 
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- 
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0 

\ 

• 

- 

-  . 
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- 

V 
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I- 

,4 
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0 
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V 

-8- 

* 

» 

— 
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Calculate  the  value  of  Y  vdien  X  =  4.0 


ERIC 


Ai;3VffiR 


(si.:j-n)  '  (munber) 
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2/1(A")-6(b)*.  ■ 
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1 

5C 

- — 
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^7 

* 
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> 

c 

r 

- 

• 
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) 

• 
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1 

• 
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1 

\ 

* 

s 

* 

/ 
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-7- 

-J 

-8- 

-i- 

.10- 

Calculate  the  value  of  Y  when  X  =  6.0  ^ 


Ai'ToV/ER 


(sign)  (number) 

.A'  '  ■ 


ERIC 


2/1(A)-,7(a) 


Y  - 


rtV] 

-9. 

'' 

/ 

-8- 

 u 

-7*. 

-6. 

-5. 

\ 

 ^ 

w 

- 

-\- 

0 

3  -> 

5  -J 

\ 

1 

> 

r 
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-I- 
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-2; 

e— 

.-3- 

—J 

-5. 

-6) 
-7- 

-8- 

/ 
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t 

1 

t  

-9- 

•> 

-in. 

'Calculate  the  value  of  Y  v^en  X  =  1  #0 


AiTSViER 

s    ^  (sign)     «( number) 


■  589 


.  2/l(A)-l(b). 


• 
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V 

• 

- 

-7- 

-6- 
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• 

- 

-4- 

- 

A 

-3. 

-2- 
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0 
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>  -i 
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• 
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- 
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— 
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V 

H 
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— ^ 

; — 

-7- 

-8- 

 ^ 

-9- 
'in. 

Calculate  the  value  of  Y  when  X  =  2.0 


a::s".'/}:r 


(sign).  (number) 


ERIC 


2/1(A)-8(ay 
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-  9- 

V 
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• 

— 

- 

• 

*• 

-6; 
-5. 

— 

-3- 

— ? 

(— 
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• 

> 

U 

>  a 

♦ 

>  -1 
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 ^ 
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• 
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e; — 

- 

-2; 

•  • 
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-5) 
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-7- 

-8- 

-9- 
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Galciilate  the  value  of  Y  when'  X  =  5.0  . 


(sign)      ( number ) 


ERIC 
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> 
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•Calculate  the  value  of  Y  vdien  X  =  6.0 


AilSV/ER 


(sign)  "(nuaber) 


ERIC 


2/1(A)-?(a)  . 


Y 
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.9. 
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— ^ 
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—J 
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* 
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 ^ 

A 
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• 

■ 
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1 
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* 
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_4. 

•  - 

\^ 
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.t7- 
-8- 

-9- 
-10- 

X 


GcLlculate  the  value  of  Y  vriien  X  =  2.0 


( sign)  (number) 


f.93 

ERIC  ... 

-"^    •-•   -.-  .     -     -        --   ■  -  .-    -------  ^- 
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- 
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- 

\  • 

0  -1 

5 
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1 
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1  ■  ' 
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-2- 
f-3- 
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—J 
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- 

-6- 

\ 

-7- 

-8- 

-9- 

Calculate- the  value  of  Y  when  X  =  5.0 


/ 


( sign )      ( number ) 


ERIC 


^  BASIC  SKILLS  OF  GRAPHICAL  INTERPRETATION 

SUBDIVISION  ANALYSIS  SET  2/1  (B) 

NAME  -  AGE 


SEX 


SCHOOL  "  .  CLASS" 


\ 


\ 


DATE 


INSTRUCTIONS 


Read  each  question  care-fully,  then  write 
jqvT  answer  in  the  space,  provided.  Try  to- 
giiess  .the  answers  to  any  .questions  you  do 
no,t  know,  but  do  not  waste  time  on  more  ■ 
difficult  problems*  Kll  answers  should  be 
given  to  the  nearest  decimal  place ^  'and 
any  other  calculations  m^y  be  written  on 
the  back  of  the  page*  The  sign  of  an  answer,, 
where  this  applies,  should  be  either  positive 
(+->tor  negative 

\0 


(sign)  (number) 


ERIC 


Calculate  the  value  of'.X  when  Y  =  5#0 

\ 

•  ANSWER 


C-sign)  (number) 
,1  ' 


598 


(sign)  (number.) 


-.'  \  .... 


ERIC 


2/!(B)-3(a) 


Y 


■ 

\ 

> 

"7 

• 

1 

c 

- 

• 

,.  3. 

;  ^ 

'  7 

1 

>  ■- 

•  : 

• 

- 

r-i 

L   ♦  - 

1  : 

I  : 

S  ( 

)  10 

• 

--^^^ 

• 

.1- 

7 

\ 

-5- 

-6- 

-7- 

-8- 

5 

-10- 

Jalculate  the  value  of  Y  when  X  =  7.0 


(sign)  .(n\araber) 


ERIC  > 


4,-  , 


aoo. 


■  2/1(B)^(b) 


•10; 
-9. 

- 

» 

; 

-6. 

- 

• 

1 

-5. 

-i,- 

* 

-3. 

• 

-2- 

-1. 

■ 

• 

i 

•  t 
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I  -1 

f  -i 

>  -! 

r  -J 

1 

1  * 

\  4 

!  ! 

1 ' ' 

7 

Li  A 

-I- 

1 

-2- 

-3- 

* 

1 

• 

-6- 
-7- 

/ 

-8- 

-9- 
-in. 

t 


a  - 


Calcizlate  the  value  of  Y  when  X  ^  9#.'0 


j\2ISV/3R 


(sign)    " (number) 


ERJC 


SOI 


^2/1{B)^4(a) 


ERIC 


'10 1 
-9. 

.0. 

- 

« 

-7- 

■ 

« 

•i 

-5. 

- 

.3- 

> 

 1. 

-  - 

-  - 

_  ' 

r 

-i. 

-  ■fc 

'-  ■ 

— 

* 

V  « 

♦ 

\~  ^* 

1  1 

 '  , 

-2- 

/ 

-3- 

-5- 

-S- 
-7- 

< 

•tt 

•9- 

Calculate  the  value  of  Y  wfiien  X  =  7.0 

AlfSv/ER 


(sign.)  (number) 


>n3 


♦ 

f 

2/1  (B).4(l5)  \ 

••  ■ 

t>         '                                            -  * 

Y 

■*          »  '                              **  * 

-  • 

-  ^ 

-9. 

-J' 

-  - 

• 

:: — 

-7" 

■  r-    :  ■ 

>> 

-6- 

-5; 

-4- 

^ — ' 

-3. 

•  * 

-  - 

-2- 

* 

-1. 

<   •  - 

\            *  -1 

I  '» 

0  -? 

S  - ! 

I  -1 

1  : 

I  : 

i  ( 

5  ■ 

: 

-1- 

-a- 

• 

.3. 

-4. 

-5. 

•> 

•* 

-6'- 
-7- 

« 

-8- 

* 

-9- 

rlO- 

/ 

/ 

1 

- 

« 

Calculate 

> 

the  value 

of' Y  when 

X  = 

-.  s\o 

> 

1.  '  » 

(sign)  (number) 


2/1(B)-5(a) 


• 

•10- 
.9. 

- 

-  - 

— ^ 

•  8- 

-7- 

.6- 

-5. 

• 

-4- 

-3- 

i 

■:2. 

-1. 

- 

0  -! 

J  -7 

'  -( 

5  -! 

>  -i 

I  -1 

I  ; 

r 

5  1 

5  ' 

7 

>  1( 

• 

-1- 

-2 

-3- 
-4. 

-5- 

■ 

-6- 

-7- 

* 

-8- 

-9. 

_in. 

X 


Calculate  the  value  of  X  when  Y  =  8.Q. 


AliSWER 


(sign)  (number) 


o    . ■  ■  mi 

ERIC 


Calculate  tlie^  value  of  Y  when  X  =  *'1  ^0 


(sign)  (number) 


DUO 


2/i  (B)-6(.l)) 


Y 


■to 

.8- 

-7. 

-6 

- 

-  - 

*5. 

- 

-4 

-3. 

-2- 

- 

n. 

» 

— 

— 

7 

- 

0-1 

>  -< 

)  -3 

'  -( 

5  -i 

\  -: 

* 

1  : 

J  : 

1  '  - 

U  ! 

5  ( 

! 

»  M 

-1- 

•  • 

-2- 

- 

-3- 
-t. 

-5- 

-6- 

■^7- 
-8- 

-9- 
-10. 

9 

Calculate  the  value  of  Y  v/hen  X  =  2.-0 


V  ■ 


.,            -•■      2/1(B)-7(a)-    ■    .  ; 

■ —  '■  "y"'""     •  ■    .  ..  -  •  : 

- 

.9- 

r 

r 

 r- 

rs'. 

-* 

i 

-7. 

- 

.  i 

\ 

-6- 

-5. 

* 

•  - 

o 

.t,- 

.3- 

i 

-2- 

7^ 

r 

-i. 

f 

— 

\  -8-1 

1 

i  -c  -; 

1  Ti 

* 

-1- 

-2: 

1  4 

\     f  * 

\ 

* 

A- 

t 

• 

: — 

-5- 

-6- 

• 

-7t 

-8- 
-9- 

* 

4  .  * 

Calculate  the^ value  ofY  when  X  =  8.0 


MTSV/BR 

(sign)  (number) 


•%-■' . 


 ^"-^^ 


2/i(B)-7(b') 


> 

rIOi 
.9. 

-  » 

-I- 

-7. 

-  • 

- 

* 

- 

- 

.3. 

.2- 

- 

-1. 

.-  ■ 

/ 

— — 

0 

'/ 

1  — ! 

ft  < 

L  —I 

1  --  t 
1  4 

> 

7  1 

1 

V  1ft 

9  lU 

-1- 

-2- 

-3. 
-4. 

-5. 

♦ 

-8- 

■W- 

-8- 

-9. 
-10 

Calculate  the  value  of  Y  when  X  =  5.0 


(sign)  (nuraber) 


ERIC 


2/l(B).r8la) 


rlQ] 

\ 

.8. 

-7- 

- 

* 

-6. 

-5. 

. . , 

-4- 

-3. 

* 

-2- 

— 

_ — 

-1. 

-T 

-  -: 

0 

5  -J 

I  -.1 

2  : 

7 

)  10 

-1- 
-2- 

.- 

„ 

•3- 

-5. 

-6; 

/I 

/ 

-8- 

-9- 
.in. 

Caicxilate  the  vsilue  of  Y  v/he'n  X  =  5.0 


(si<pi)  (number) 


EJJC 


t 


j    '  "  ■  2/1(B)-9(b) 

;         ■  i  • 

I  •  ,  •  ■  . 


jCalci'ilate  the  value  of  Y  vAien  a  =  7.0 


(sign) 


2/1(BH0(a) 


•10^ 

— t 

— i — 
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- 

• 

- 

- 
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1 

1 

• 

-1 

• 

- 

• 
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- 

• 

N 
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- 
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i 
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< 
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o 
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« 

* 

•ERLC  t 

■  ■ 

CalciaiitQ  thj  value  of  Y  v/hen  X  =  9.0  '  ' 

...                         -                   .  ^ 

(sign)  (number) 

**  • 

•     ■     -  -fil'l  ■  ■ 

'! 

9 


2/l(B)-10Cl)) 
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-6- 

» 

• 

• 

— T 
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- 

H 

e- 

ft 
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N 

• 
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\  1 

i  1 

■ 
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-2- 

- 
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— 
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* 
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'f 

i 

f 

•  • 

-lo' 

'Calculate  the  value^of  Y  when  X  =  5.0.^ 


J'3':7^'ll 
 v?-> 


(sign)  . '  (number) 


ERIC . 


\ 


■„  61-5  • 


-2/1(B)mfCa), 


^0 
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.9' 

• 

t 
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1 

\ 
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\ 

*  •J' 

« 
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-5. 
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< 

0 

• 
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- 
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- 
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I  : 

».  1 
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- 
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• 
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< 
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/ 
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.9. 

-10- 

/ 

I- 

Calculate^  the  value  of  Y  vdien  X  =  1p»0 


(sign)-  (number) 


ERIC 


'616 


2/l(B)^1.l'(b) 


■to 

-9- 
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i5. 
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• 

* 
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i 
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4 

\ 

> 
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y 
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/ 
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in. 

Calculate  tho  value  of  "L'^vshen  X  =  8.0 


/ 


ERIC 


(sign)  '  (riuiuber) 

•  '1 


617 


BASIC  SKILLS  OP  GRAPHICAL  INTERPRETATION 


.   SUBDIVISIOII  ANALYSIS  ,  SET  3/1 


NAME  .  AGE. 


SEX 


3CH00L  CLASS 


DATE 


INSTRUCTIONS 

Read  each  question  carefully,  then  write 
your  answer  in  the  space  provided.  Try  to 
guess  the  answers  to  any  .questions  you  do 
not -  know,  but  .do  not  waste  time  on  more* 
difficult  problems.  All  answers  sho\ild  be 
given  to. the  nearest  decimal  place »  and 
any  other  calculations  may  be  written  on 
the  back  of  the  page,  Th.e  sign  of  an  answer, 
where  this  applies,  should  be  either  positive 
(  +  )  or  negative  (-).  ^ 
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*  > 
Calculate  the  maxiinum  value  of  Y» 


(sign)  (number) 
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Calculate  the  maximum  valine  of  Y. 

\ 

.  .    ■    ■  \ 

AliJ-.'/Exl 

(sign)  (nxmber) 
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Calculate"  the  rainiraum  value  of  Y. 


(sign)  (number) 


/'  .  3/1-.2(b) 

/ 


Y 


• 

rIO' 
-9- 

-8. 

V 

A 

-7- 

-6- 

—A 

■ 

f 

-5- 

A, 

- 

-A- 

-3- 

< 

-2- 

-1- 

J 

'  --( 

S  -! 

)  -i 

} 

I  -1 

I  : 

} 

S  1 

5  ■ 

? 

J  1 

-1- 

-2- 

-3- 

• 

-4- 
-5- 

-6- 

-7- 

-8- 

'-9- 
-10- 

Calculate  the  minimmi  value  of  Y.  ^ 


AH3V/ER 

(sign)    •  (number) 


^  .  .  3/1-3(4) 


Y 


-1 

• 

•10' 
-9. 

-8-' 

-7. 

-6- 

-5. 

-3. 

— 

-2- 

/ 

-i- 

/ 

0  -i 

I  -\ 

■ 

1  : 

i  ( 

1  ( 

%  10 

-V 

-2- 

-3- 

-4. 

■  • 

<> 

Lj. 

-6- 

-7- 

-8- 

-9. 
-10- 

■ 

X 


1 

■  / 


Calculate  the  maximiun  value  of  X, 


(sijn)  (number) 


^  623 


ERIC 


5/1-3(b^ 


•10- 

• 

^9. 

-8- 

-7- 

-6- 

-5. 

—I 

- 

-i,- 

1 

-3- 

r 

-2- 

-  1- 

:^ 

- 

0  -5 

> 

'  -1 

5  rS  .-I 

I  -: 

{  -1 

1   2  : 

>  1 

1 

}  1 

-I- 

-2- 

-3- 

-5- 

-6- 
-7- 

-8- 

_in. 

Calculate  the  maximum  value  of  X» 


iV::3'.;aj;R 

' (sign)  (number) 


624 


•     3 /I -4(a) 


■to- 

-8- 

-7- 

\ 

-6- 

< 

: 

• 



'k- 

'3- 

1 

-2- 

-1. 

• 

0 

'  -( 

5  -! 

>  Ti 

\  -1 

1  ; 

\  : 

u  \ 

1  .1 

»  .  10 

_v 

-2- 

- 

r3- 

-5- 

-6- 

-7- 

-8- 

-9- 
-10- 

1 

Catlculate  the  value  of  X  at  the  maximum  turning  point* 




(sign)  (number) 


'  \.  3/1 

Y 


1 

1 

•10 

-9. 

-8- 

-.7- 

L  - 

— ^ — 

' — 

• 

-6- 

^5- 

* 

— ' 

-4- 

> 

-3- 

4 

-2- 

I- 

> 

-1. 

V- 

f  - 

1  ■ 

■      •  1 

✓ 

1  ; 

7  1 

-1- 

l~i 

1 

-2- 

-3- 

.4. 

-5- 

-6- 

* 

-8- 

[ 

.■.9. 
-in. 

X 


/ 


Calctaate  the  value' of  Xat  the  maximum  turning  point. 


(sicn)  (number) 


3/l-5(b) 


A. 


r 

•10 
-9- 

* 

-8.- 

-7- 

-. 

; 

-6- 

-5- 

• 

■f- 
.3. 

• 

-2- 

■ 

-i. 

/ 

2  : 

\ 

>  1 

\ 

\  J. 

> 

-2.- 

A 

• 

* 

-10- 

Calciilate  the  maxiiniun  value  of  Y, 


AITSV/ER 


(sigii)  (number) 


ERIC 


(si^jTi)  (number) 


4 


3/1-6(.b) 


\ 


\ 

■10 
.9- 

.a. 

r 

\ 

% 

\ 

• 

-7. 

\ 

< 

-6- 

■ 

\ 

i5. 

• 

• 

"V- 

\ 

* 

-4- 

• 

\ 

^ 

1, 

\ 

• 

* 

♦ 

\ 

* 

•\ 

■ 

n 

V 

1  '^1 

1 

f  4 

I 

1  A 

f  * 

(  { 

f  ^  1 

1  < 

1  m 

»  lU 

-1- 

'2- 

* » 

V 

• 

« 

< 

-3- 
-4  J 

J  

;  ■ 

-5- 

> 

-6- 

1 

-7- 

4 

— 1-10  J 

c 

>» 

* 

V 


Qalculate .  the  KiaKiinum  value  of  Y. 


•  :  ^ 


AlfSV/SR 


(sign)  "(number) 


t 


ERIC 


3/l--7(a) 


-9. 

\ 

-8- 

i* 

1 

-7. 

\ 

i 
1 

H- 

\ 

< 

\ 

-3. 

\ 

\ 

-2- 

\ 

\ 

X. 

-1. 

\ 

\ 

\ 

0  -{ 

5  -! 

\  -1 

-1- 

:.2C 

s  1 

1  1 

>  < 

}  10 

\ 

\ 
A 

-3- 
-4. 

\ 

-5. 

V 

-6- 

-7- 

-8- 

'-9- 
-10- 

I  f 

\  I 


\ 


Cal dilate  the  maximum  value  of  Y. 


\ 


(sign)  (number) 


ERIC 


611 


3/l-7(b) 

Y 


rIOi 

.8* 

t 

-6* 

• 

^5. 

1 

.4. 

i 

I 

0« 

1 

1 

-2- 

1 

-1- 

*• 

1 

- 

0  -1 

)  'A 

S  -! 

>  -i 

I  -; 

J  - 

1  ; 

^  : 

5-  ( 

5  ' 

\  10 

1 

/ 

-3- 

-5- 

r 

-6- 

-7- 

-8- 

^9- 
-10- 

\ 


-Calculate  the  maxiravua  value  of  Yi 


WTo  /ri:r 


'  (Gign)  '  (mmber) 


^  / 


6 


,00 


BASIC  SKILLS  OP  GRAPHICAL  INTERPRETATION 


SUBDIVISION  ANALYSIS 


SET      3/2  " 


NAME  ^ 


AGE 


SEX 


SCHOOL 


CLASS 


DATE 


INSTRUCTIONS 


Read  each  question  care''fully>  then  write 
your  answer,  in  tnte  space  provided.  Try  to 
-.-•gue'ss  the  ansv/ers  t\any  questions  you  do 
not  know,  but  do  not  w^te  time  on  more 
difficult  problems.  All  aniayers  should  be 
given  to  the  nearest  decimal^^lace,  and 
any  other  calculations  may  be  writ^te^i^on 
the  back  of  the  page.  The  sign  of  an  answfer, 
where  this  applies,  should  be  either  positive 
•(  +  )  or  negative  (-).  ()*^'3 


Mark  vath  a  circle  the  nuiflber  of  each  curve 
showing  a  MAXIM  turning  point. 


5/2-2(a) 


Uark  vdth  a  circle  the  number  of  each  curve  above 
showing  a  HIOTLIU::  turning  point. 


BASIC  SKILLS  OP, GRAPHICAL  INTERPRETATION 


SUBDIVISION  ANALYSIS  \-        SET  4/1 


SEX 


\ 


NAME  .  I-  AGE 


-r 


\ 

SCHOOL  GLASS 


DATE 


INSTRUCTIONS  ^ 

Read  each  question  carefixllyV;  then  write 
ycur  answer  in  ^the  space  provided.  Try  to 
guess  the  atnswers  to  any  questions  you  do 
not  know,  but  do  not  waste  time  on  more 
difficult  problems.  All  answers,  should  be 

given  to  the  nearest  decimal  place,  and 

\ 
\ 

any  other  calculations  may  be  wr^itten  on 
the  back  of  the  page.  The  sign  oi^  an  answer, 
where  this  applies,  should  be  either  positive 


Q      '  U)  or  negative  (-).  ^.^ 


4/1-1  (a) 


■ 

•  A 

^  Q 

D 

<- 

\ 

0- 

/ 

.- 

7 

-7 

ft 

c 

-7 

-A- 

i 

0  -! 

'  -( 

5  -! 

>  'i 

;  -: 

-2- 

1  : 

I  : 

}  • 

S  1 

5  ■ 

9  10 

- 

-1  - 

/ 

• 

-4- 

-6- 

-7- 

-8- 

-9- 
-10- 

X 


Calculate  the  horizontal  (X)  displacement  from  A  to  B. 


MSWER 

(sign)  (niunber) 


4/1-1  (b) 


Y 


■to 

1 

Is. 

- 

-7- 

-6- 

• 

-5. 

.4. 

.3. 

— - 

.  '"5 

-2- 

* 

-1. 

0 

I  -1 

1  ; 

J  ; 

5  * 

J 

\  1 

9  1 

-1- 

-2- 

-3- 

-4. 

-5. 

-6- 

-7- 

-8- 

.-9. 
-10 

X 


t  * 


Calcrulate  the  horizontal  (X)  displacement  from  A  to 


AITSV/ER 


(sign)  (niunber) 


+  /l-2{a) 


V 


•10- 
-9- 

V 

Pi 

-8- 

\ 

-7. 

\ 

t 

_6. 

\ 

-5. 

f 

'i- 

\ 

-3. 

\ 

\ 

• 

.2- 

4 

-1. 

\ 

\ 

\ 

- 

0  -{ 

i  -1 

i  -1 

^  -1 

B  -! 

>  -i 

}  -J 

r-i 

1  : 

z  : 

) 

>  ( 

5  ' 

r  \ 

\ 

9  10 

V 

-1- 
-2- 

■ 

-J- 

-V 

-4. 

-5. 

\ 

-6- 
-7- 

-8- 

1 

-9- 
-10 

The  displacement  from  A  to  B  is  +5.0  units  in  the 
horizontal  (X)  direction,  and  both  points  have  the 
same  vertical  (1)  position.  Place  a  mark  (X)  at 
the  position  of  B  on  the  graph  above,  .  - 


ERIC 


6T1 


/' 


4/1-2(b). 


• 

rIOi 
-'9. 

/ 

4 

-8- 

.! 

i 
1 

> 

-7. 

— 

A- 

/ 

4 

-6- 

-5. 

^  1 

1 

/ 

t 
I 

/ 

-3. 

} 

\ 

1 

-2. 

— 

-1. 

• 

1 

1 

if' 

n 

r  «| 

♦ 

'  / 

- 

1  : 

\ 

&  1 

1  < 
r 

)  in 

/ 

-1- 
-2- 

1 

/ 

/ 

V 

\  

-9- 
-10- 

/ 

/ 

The  displacement  from  A  to  B  isV  5»0  units  £n  the 


horizontal  "CX)  direction,  and  botk  points  have  the 
same  vertical  (Y)  position.  Place  a\^k  (X)  at 
the  position  of  B  on  the  graph  above. 


G12 


4/l-3(a) 


Y 


'J 


•to 

•  9* 

•A 

*8- 

• 

\ 

/ 

• 

-7- 

-6' 

^5- 

I, 

s 

• 

1 

♦ 

• 

J 

i  . 

-  1- 

1 

ff 

4 

✓ 

« 

10  -! 

5  -! 

i  -i 

I  -: 

\  -1 

J  : 

>)  ( 

7  ^  i 

i  10 

-1- 

• 

% 

-2- 

f 

-3- 

• 

J 

* 

/ 

\ 

• 

0 

j 

• 

\ 

-6- 

\ 
\ 

t 

-7- 

\ 

-8- 

-9- 
-1.0- 

The  displacement  from.  A  to  B  is' +  4.0  units  in  the  \ 
horizontal  (X)  direction,  and/ both  pointsy^ave  "the  *  ' 
same  vertical  (Y)  position.  Place  a  mark  -W'  at  -> 
the  position  of  Aon  the  graph  above.  - 


\ 


The  displacement  from  A  to  B  is  v^'3*0  units  in  the 
horizontal  (X)  direction,  ^d  both  ^points,  have  the 
•  same  vertical  (Y)  position^  Placfe  a  mark  (X)  at 
the  position  of  A; on  the.  G^^aph  above •  *  ' 


....... 


4/l-4(ar 


•to 

.  9 

-8- 

\ 

-7- 

\ 

-6- 

\ 
\ 

-5- 

\ 

\ 

- 

-) 

\ 

\ 

.4. 
.3 

A 

-2- 

-1. 

O.-l 

>  -{ 

J  -3 

5  t! 

I  -: 

I  -1 

1  : 

I  : 

(  ! 

5  ' 

H 

\ 

}  10 

-1- 
-2- 

_  — 

-3- 
-4. 

-5- 

\ 

\_ 

6 

-6- 

-7- 

-8- 

-9- 
-10- 

Calculate  the  vertical  (Y)  displacement  from  A  to  B. 


(sign)  (number) 


.ERIC 


4/l-4(b) 


V 


"lU 

.  9 

1 

• 

/ 

\ 

1 

.  8 

- 

J 
1 

-7 

t 

A 

• 

-6< 

I 

\ 

A 

/ 

_  c 

1 

? 

1 

■  L 

/ 

v.. 

■  3 

• 

/- 

.  7 

/ 

\ 

1 

1 

■ 

1 

■ 

0  -! 

\  -: 

v 

V  = 

I  .: 

J  .,  ' 

U  ! 

>  1 

7  I 

\  ! 

>  10 

""1 ' 

,  o 

/ 

^\  - 

/ 

I 

/ 

1 

-6- 

-7- 

\ 

-8- 

1 

-i 

-9- 

Calctaate  \the  vertical  (i)  displacement  from  A  to  B. 


(sigx\)  (niusber) 


1)1.0 


4/l-5(a) 


Y 


> 

•10' 

A 

a 

7 

t 

c 

e 

-  b« 

t" 

— 

f 

0  -i 

i  -i 

S  -! 

5  -i 

I  -1 

1  ; 

\  : 

S  1 

9  10 

-1- 
-2- 

-3- 
-4. 

- 

- 

■  - 

; 

'-5- 

-6- 

=7- 

* 

-8- 

% 

-9- 
-10- 

X 


Calculate  the  horizontal  (X)  displacement  from  A  to  B. 


(sign)  (number) 


ERIC 


'O'f  / 


4/1 -5(b) 


•10 1 
-9. 

-8- 

-7- 

-6- 

-5- 

-4- 

— 

- 

-3- 

> 

A 

K 

1 

-2- 

-1- 

r 

0  -1 

»  -J 

i 

'  -( 

5  -! 

»  -i 

}  -J 

!  -1 

1  ; 

2  : 

}  > 

5 

7 

1  ' 

9  10 

-1- 
-2- 

- 

-3- 

-4- 

-5- 

-6- 

-7- 

-8- 

-9- 
-10- 

Calciaate  the  horizontal  (X)  displacement  from  A  to  3, 


ANSWER 


(sign)  (number) 


ERIC 


4/1-6(a)- 


■10- 
-9- 

-8' 

-7. 

_  -  - 

-6- 

— ll 

-5. 

D 

©- 

■A- 

A 

,■ 

\ 

-3- 

- 

f 

-2- 

■ 

-1- 

0  -\ 

J  -( 

'  -( 

5  -! 

)  -i 

I  -: 

} 

J  -1 

I  : 

1  ' 

;  ! 

>  1 

1  • 

9  10 

-1- 
-2- 

'* 

-3- 

• 

• 

-7- 

-8- 

-9- 
-10- 

Calculate  the  horizontal  (X)  displacement  frorr.  A  to  B, 


(sijn)  (niiniber) 


ERIC 


4/1-6(b) 


Y 


p 

•to 

- 

(a. 

-6- 

-5- 

A 

- 

-  A« 

r 

-  2- 

-?  1  - 

0  -5 

»  -J 

5  -! 

1  ; 

I  : 

} 

>  1 

s 

9  10 

-2- 

-3- 

-6- 

-7- 

-8- 

-9- 

-to- 

X 


Calciilate.  the  horizontal  (X)  displacement  from  A  to  B* 


(sign)  (number) 


ERIC  •  - 


1 

•10 

'9. 

F1 

-8- 

-7. 

-6- 

- 

-5. 

-3- 

-2- 

-1- 

« 

1  -1 

f  -1 

1*  « 

b 

> 

k  1 

-1- 

- 

-2: 

-5- 

-6- 

-7- 

-8- 

-9- 
-10- 

X 


Calculate  the  horizontal  (X)  displacement  from  A  to  B# 


ANST/ER 


(sign)  (niimber) 


4/1-.7(T)) 


•10 
-9. 

- 

-a^ 

- 

• 

-7- 

-  o- 
-5. 

e- 

^If. 

-3. 

-2- 

-1- 

w  ^ 

w  * 

*  < 

♦  ^< 
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^  1 

% 

7  1 

1  \ 

3  1 

-1- 

-2- 

-3- 
-4. 

X 

-5. 

-7- 

-8- 

-9- 
-10- 

Calculate  the  horizontal  (X)  displacement  from  A  to  B. 


AI:SV/13R 


(sign)  (number) 


052 


'10^ 
*  9 " 

-8- 

A- 

4% 

D 

• 

•  2- 

\ 

©- 

4 

-  I- 

• 

to  -! 

i  -1 

'  -( 

5  -! 

i  -i 

I  -1 

I  : 

S  1 

1  ' 

}  10 

- 

f — 

-1- 

-2- 

* 

-3- 

• 

-6- 

-7- 

-9- 
-10- 

ealcwlate  the  horizontal  (X)  displacement  from  A  to  B. 


(sign)  (number) 


47l-.8(b) 


1  w 

Q 

-  8i 

\ 

\ 

-7„ 

/ 

-  6< 

- 

-  A ' 

• 

-  3- 

• 

2 

-  1  ■ 

1- 

• 

0  -< 

J  -5 

'  -( 

S  -! 

I  -: 

I  -1 

L    i  - 

1  : 

I  : 

)  < 

(  ! 

S  1 

5  ' 

7 

1  " 

9  10 

,   O  - 

z . 

• 

-5- 

-6- 

-7- 

-8- 

-9- 
-10- 

1 

Galxjiilate  the  horizontal  (X)  displacement  from  A  to  B. 


(sign)  (number) 


ERIC 


BASIC  SKILLS  OP  GRAPHICAL  INTERPRETATION 
SUBDIVISION  ANALYSIS  SET     4/2  ^ 

NAME  .      .      •  AGE  • 


SEX 

SCHOOL  CLASS 
DATE 


,  INSTRUCTIONS      '  . 

Read  each  question -carefully ,  then  write  „ 
vo\ir  answer  in  the  space  provided.  Try  i^o 
guess  the  answers  to  any  questions  you  da 
not  know,  but  do  not  waste  time  on  more 
difficult  problems.  All  answers  should  be 
given  to  the  nearest  decimal  place,  and 
•any  other  calculations  may  be  written  on 
the  back  of*  the      ge.  The  sign  of  an  answer, 
where  this  applies,  should  be  either  positive 
(+)  or  negative  (-). 

655 


4/2-^1  (a) 


B 


•10  -9  -8  -7  -6^,5  -4  !r3  -2  -1     0.    1     2    3    4    5    6    7   .8    9  10 


/ 


Calciilate..  the-  displacement  from  A  to  B» 


(sign)  (number) 


I  » 


ERJC 


•    4/2^^1  (b) 


.1 


( 


■\  ■ 


.  it 


i  I  I  L 


I     i  I 


J  L 


-10  -9  -8  -7/.-6  -5-4-3  -2  -1     0    1     2    3    4.    5    6    7    8    ^  10 


Calculiate  the  displajCement  from  A  to  B* 


(sign.^  (number) 


mi 


•f 


4/2- 


A 

1     .  . 

^ — 1 — 1 — « — 1 — 1 

{     -.-10  -9  -8  -7  -6  -3  -i  -3  -2.  -1 

0  12: 

5    6    7    8    9  10 

The  displacement*  from  A  to  B  is  +'  5»0  units.  Place 
N  a  mark  (X)  at  the  position  of  B  on  the  number  l*ne^ 
above. 


■J- 


/ 


.4/2-2(1)) 


>  '  t  »  I  i  «  .  »  .  1  ,  j  I  t  ■  i  I  I  i  I 
-10  r9  -8  -7  -6  -5-4-3-2-10    1     2   \3    A    5    6    7    8    9  10 


^  i 
} 

I 


The  displacement  from  A  to  B  is  +  3.0  units.  Place 
a  mark  (X)  at  the  position  of  B  on  the  number  line 
above* 


639 


/ 


4/2-3 (a) 





'  '      '  '  ■  ■  ■  '  ' 


-,10  -9,  -8-7-6-5-4-3+2-1    0    1  \  2    3    4    5    6    7  8 


B 


9:  10 


The  displacement  from  A  to  B  is  +  fe.O  units*  Place 

I mark  (X)  at  the  position  of  A  on  We  number  line 
hove. 


ERLC 


4/2-3(b) 


B 


■  '  ■  ' 


-10  -9-8-7-6-5-4-3-2-1     0    1     2    3    4    5   .6    7    8    9  10 


The  displacement  xrom  A  to  B  is  +  4.0  units.  Place 
a  mark  (X)  at  the  -^positi'on  of  A  on  the  number  line 
above."  „ 


ERIC 


Calculate  the  displacement  from 


AIISVgR  .  . 

(sign)  (number) 


10 
9 
8 
7- 
6 
5 
4 
3 
2 
1- 

0 
- 1 

-2 
-3 
-4 
-5 
-6 
-7 
-8 
-9 
-10 


B 


Calculate  the  displacement  from  A  to  B. 


(sign)  (number) 


4/2-5(a) 


B 


L__i  t__i  


I    r    I  ^>  I  I 


-10  -9  -8  -7  -6-5-4-3-2-1     0    1     2  „3    4    5    6    7    8  9^0 


Calculate  the  displacement  from  A  to  B. 


.VliSV/EP. 


(sign)  (number) 


ERIC 


\ 


4/2-5(b) 


A 

B 

lA         -o  — *Y               ./         ^0  .1      n     1      Ox    ^     /  i: 

C       7  o 

'  O  If 

Calculate  the  displacement  from  A  to  B. 


(sign):  (number) 


655 


■0 


4/2-.6(a) 


A 

B 

1 . 1  ..1  1  1 

 «         1         «         «         1         i         «         ■         t         i         t  i 

10-9-8-7-6-5-4-3-2-1     0    1     2    3    4    5    6    7    8    9  10 


Calculate  the  displacement  from  A  to  B. 


AXISV13R 


(sign)  (number) 


666 


4/2-6 (b) 


B 


i      I  u 


•10  -Sb  -8  -7  -6  -5  -A  -3  -2  -1     n    1     2    3    i     5    6    7    8    9  10 


Calculate  the  displacement  from  \  to  B.^ 


MSV/ER 


(sign)  (number) 


I     I    J     I     i   ■  t 


-10^9  -8  -7  -6-5-4-3-2-101234    5    6    7    8^9  10 


Calculate  the  displacemerLt  from « A  to 


ANSV/ER 


(sign)      (nimb'er)  .  '» 

•  1 

I 
r 


4/2-7(b) 


B 


'         «         *         *         *         '    -  ' 


lit! 


-10  -9  -8  -7  -6  t5  -4  -3       -1    0    i    2    3    A    5    6    7    S    9.  10 


J-J 


.  1 


Calculate  the.  displacement  from  A  t6\B. 


(sign)  (number) 


ERIC 


4^ 


V2-8(\) 


I  I  I— I 


I    I  t 


I    I  I 


10  -9  -8  -7  -6  -5  -4  -3  -2  -1     6    1     2    3    4    5    6    7    8  9M0 


B 


/ 


Calculate  the  displacement  from  A  to  B. 


V 

J 


/ 


"(sign)  (number) 


•    •/  .- 


670 


'  V2-8(b.) 


-  '  A 

B 

f  • 

t 

.\.     .  .' 

 1  1     1  \- 

-10  -9  -8  -7  -&  -5  -4  -3  -2  -1  ( 

)  1 

.2    3    U  5 

S    7    8    9  to 

V 

! Calculate  the  displacement  frora.^l  to  B. 


-.-/ 


/ 


.  I 


ERIC 


A?T3VffiR 
— < — :^ — 


«(sign)  (munber) 


t 


■  ( 


I. 


/•  ^ 


BASIC  SKILLS  OP  GRAPHICAL  INTERPRETATION 


SUBDIVISION  -AJifALYSIS    -       ,,SET  4/3 


•NAME  •  '       \         V  AGS 


SEX  * ,   ;  ■  1 


SCHOOL  -  .  CLA^S, 


DATE 


INSTRUCTIONS  "  .  v  •  '  ^ 
 ^  '       '     \^  .  * 

Read  each  question  care ful] y> ^ then  .write 

I 

yoixr  answer  in*"l;tife  space  provided.  Try  tp 
guess  the  answers  to  any  questions  you  do' 
not  know,  but  do  not  waste  time' on  more 


.difficult  problems.  All  answers  should  be  — 
giv.en  to  the  nearest  decimal  place,  and 
any  other  calculations' may  be  written  on 
the  back  of  the  page.  The  sign  of  an  answer, 
where  this  p.pplies,  •  should  be  either  .positive 


(  +  )  or' nega/tive '(-) . 


r 


4/>l(a)-. 


Complete  the  following  calculation. 


6  -  3  : 


\ 


ERIC.  6/0 


4/3-1 

-■I 


9 


Complete  uhe  follov/ing  calculation. 


8.-5  = 


ERIC 


)/4 


J 


4/5-2(a) 


Complete  the  following  calculation. 


-  2  -  7 


O  ♦ 

ERIC  ^ 


675 


Complete  th>s  following  calculation. 


.-5:3 


4/3-2(b) 


er|c 


4/3-3(a). 


Coraplete  the  following-,  calciilation. 


1 


9  - 


:  2 


ERIC 


677 


.  4/3-3(b) 

T    .  -  * 


Complete  ^the  following  calculation i 


8  - 


:  7 


ERIC 


4/>4(a)' 


Complete  the;  following  calculation.. 


\ 


5.4  -  3.2  = 


\  ErIc  : 


7} 


679 


4/3-4(b)^  ■ 


Complete  th6  following  calculation. 


9.7  -  7.3  : 


ERIC 


Complete  the  follov/ing  calculation. 


0 


.   ^   1 — — ^  T-r— ^r^T— — T- 

♦ 

** 

*  ♦ 

■    /                .  ;        -  - 

4/3-7(a)'  •  • 

*• 

\  ■      5  ^' 

\ 

•  • 

♦ 

Complete,  the  ,following  .calcuiation. 

.  ^  ^  ' 

i 

} 

■           ..      ■  V 

\ 

» 

\  # 

•  * 

* 

/ 

« 

* 

6'  0  ;  .7       '  . 

si 

* 

• 

• 

• 

if  ; 

685  .  ■'■  • 

4/3r-7(.b) 


Complete  the-  follovidng  calculajbion. 


-I 


3  -  0  = 


'  id 

ERIC 


BASIC  SKILljS.  OP.  GRAPHICAL  INTERPRETATION 


SUBDIVISION . ANALYSlg 


SET  5/2(A) 


NAME 


AGE 


SEX 


\ 


SCHOOL' 


CLASS 


DATE 


INSTRUCTIONS 


7 


Read;  each  question  carefully-,  then  write 
your  smswer  in  the  space  provided.  Try  to 
guess  the  answers  to  any  questions  you  do 
not  know,  but  do  not  waste  time  on  more 
difficult  problems.  All  answers  should  be 
given  to  the  nearest  decimal  pLace,  and 
any  other  calculations  may  be  written  on 
the  back  of  the  page.  The  sign  of  an  answer, 
where  this  applies,  should  be  either  positive 
(+)  or  negative  (-).  ,  ^ 


1 

•  • 

• 

> 

ml%  ft 

5/2(A)-1(a).  .... 

• 

\ 

"10 

• 

D 

\ 
\ 

— 

.  ft  . 

• 

\ 

-/■ 

*• 

-  * 

\ 

f 

V 

•  \ 

/- 

-  » 

■      r  / 

1 



A 

0  -5 

>  -3 

5  -! 

5 

\  -3 

i  - 

1  U 

7  1 

> 

* 

r 

* 

c 

f 

— c 

A 

A' 

1  n 

\ 

Caiculate 

th^  gradient  of  the  line  AB.- 

f 

<* 

(sign) 

(number) 

» 

ERLC     .  ' 

•6 

85 

5 

4 

-  * 

5/2(A)-1:(b): 


Y 


•to 

-8- 

* 

-7- 

-6 

r- 

-5. 

1 

•  A- 

* 

— 

-2- 

J- 

\ 

-1- 

r 

■T 

-  - 

A 

-\ 

I.  ; 

S  1 

5-' 

7  ( 

9  10 

-1; 

\ — ^ 

v , 

- 

• 

-2- 

\ 

-3- 

\ 
\ 

-5- 

\ 

-6- 

r7- 

-8- 

-9- 
-10- 

/ 

Calculate  the  gradient  of  the  line  AB. 


AITSVffiR 


(sign)    .  (number) 


.  ERIC 


4 

a" 

— : — .      ,      .         .  ■ 

S  ♦ 

- 

5/2(A)-2(a) 

« 

Y        "  . 

-  9- 

- 

-8- 

• 

- 

-7- 

B. 

-6- 

—7 

/ 

■ 

-5- 

f 

- 

—7 

/ 

% 

- 

- 

* 

-.3. 
-2- 

- 

-1- 

/ 

• 

A 

\ 

\ 

X 

k  -  1 
>  -1 

r  ■  — 

\  - 

I 

f       -  1 

5  i 

1  ' 

1  1 

il  1 

■ 

-2- 

-  -   .  - 

- 

-3- 

-5- 

\ 

-6- 
-7- 

A 

-10- 

Calculate  tlie  gradieirt 

of 

the  line  AB* 

.  AITSV/ER 

•  o 

(sign) 

(ntimber) 

;■'  ■  o  " 
ERLC 

.690                .  ^ 

*  • 

.5/2(A)r2(b,) 


-10  -9  -8  -7  -6  -5        -3  -2  -1: 


-2. 

'A 
■^5 


-6 
-7- 

ri: 
-9 


-10 


z 


7 


B 


1,    2 :  3    4    5    6    7    8    9  10 


Calculate  the  gradient  of  the  line  AB, 


AI-ISVffiR 


(sign)  (niunber) 


ERIC  . 


691 


5/2(A)-3(a) 


Y 


C*alc^LLate^  the  gradient  of  the  line  AB. 


(sign)  (nvunber) 


\ 


•  '  5/2(AM(b) 


 .-2 

--—  -3 


I  1  1  1  i  ill  1— I-IO-I  «  '  «  1  1  L-J  '  ' 

^  '     *     ,  ^  .    "        *       .  Mis  - 

calculate the  gradient  .of  the  line*  AB.,        .  * 


 A  .  'J 

( sign )      ( numher )  ... 


5/2(A.)-5(a:) 


Y 


1 

A 

7 

■ 

r 

• 

r  6' 

/ 

-5. 

7 

-  - 

> 

-  4- 

/- 

• 

* 

-  2- 

• 

■  ' 

B 

0  -\ 

5  -! 

1  : 

!  ; 

5 

1  ( 

1  ' 

-1- 

-2- 

■ 

■ 

- 

r 

-4- 

-6- 

-7- 

-8. 

* 

-9- 

-10- 

Calpiilate  the  gradient  of  the  line  AB, 


iUTSV/BR 


(sign)  (niunber) 


ERIC 


5/2(A) 


A 

A 

-4- 

-8. 

4- 

-7- 

• 

1 

-6 

-5. 

• 

* 

/ 

-3 

 c 

IF 

-2- 

-1- 

f 

D 

0  -J 

'>-( 

5  -' 

♦  < 

<  < 

L 

7  i 

i 
t 

9  in 

-1- 
-2- 

•  > 

;-3„- 

.-5- 

(L. 

• 

-6- 

-7- 

-8- 

-9- 
-in- 

Calciaate  the  gradient  of  the  line  AB. 


AIiSWER 


(sign)  (nimber) 


'5/2(A0-6.(a),'*- 


fx-         » \\ 


•10  • 
-9. 

< 

.8- 

-  . 

/ 

-7 

A 

-6 

• 

• 

-5i 

> 

.(,. 

-3. 

-2- 

- 

- 

- 

* 

-t. 

-  ' 

• 

D 

0  -J 

J  -3 

J  -1 

- 

I  ; 

S  ( 

-2- 

t 

-3- 
.(,. 

— 

^s- 

-7- 

-8- 

rlO- 

$ 

Calculate  tile,  gradient  'of  the.  Line  AB* 


(sign)-  (number) 


ERIC 


698 


5/2(A)-6(b) 


FT" 

"q 

A 

* 

c 

-  ■ 

-  5- 

> 

- 

• 

\ 

■ 

- 

v 

- 

4 

A 

• 

_  * 

'V 

-  '  ■ 

• 

0  -! 

5 

> 

J  : 

5  ( 

7 

r  10 

- 

• 

-1- 

-2- 

•  • 

5^ 

-6- 

-  V 

-7- 

-8- 

-9' 
-10- 

I?. 


Calcmlate  the  gradient  of  the  line  AB. 


'   (sign)'  (number) 


:ERic 


0 


5/2(A)-7(a) 


•|U 
■  Q 

• 

• 

« 

- 

• 

_ 

c 

■ 

• 

4 

t 

• 

■ 

• 

• 

1 

A' 

* 

• 

0  -1 

f  -1 

5  -! 

>  -i 

!  -1 

1  : 

I  : 

&  ! 

>  1 

7  1 

i  10 

• 

V, 

-4- 
-5- 

-6- 

-8- 

•  ♦ 

-9- 
-10- 

Calculate  the  gradient  of  the  line  AB, 


(sign)  (number) 


ERIC 


:  :-5/2(A)-8ra) 


■10 

D 

k — 

-8- 

-7- 

■  ' 

-6- 

• 

-5- 

-3- 

■  . 

• 

- 

-  -  ■ 

-1- 

- 

O-rS 

I—: 

>  -1 

1 

&  < 

S  1 

)  10 

-1- 

t 

-2- 

-3- 

« 

-5. 

■ 

-6"- 

-7- 

! 

1 

i 

-8- 

-9- 
-10- 

[ 
1 
\ 

Calculate  the  gradient  of  the  line  AB. 


(sign)  (number) 


ERIC 


702 


5/2(A)-8(b) 


•10 

::9. 

•  8- 

R 

J- 

-7- 

-6- 

— 

- 

-5^ 

- 

.3- 

-  - 

-2. 

- 

:.,.r,t;-; 

■:— 

M 

0 

» 

'  -1 

5  -! 

»  -i 

\  -1 

- 

1  ; 

S  1 

1  ! 

1  10 

-1- 

-2- 

-3- 

-4- 

- 

-5- 

-S- 

-7- 

-8- 

-9- 

-id- 

A 


Calculate  the  gradient  of  the  line  AB* 


MTSWER 


(sign)  (number) 


I 


ERIC 


BASIC  SKfLLS  OF  GRAPHICAL  INTERPRETATION 


SUBDIVISION  ANALYSIS  SET  5/.3(A) 


NAME  .  AGE 


SEX 


SCHOOL  CLASS 


DATE 


INSTRUCTIONS 

Read  each  question  carefully,  then  write 
your  answer  in  the  space  provided.  Try  to 
guess  the  answers  to  any  questions  you  do  . 
not  knowt  but  do  not  waste  time  on  more 
difficult  problems.  All,  answers  should  be 
given  to  the  nearest. decimal ^place»  and 
any  other  calculat.tona  may  be  written  on  ; 
the  back  9f  the  page.  The  sign  of  an  suiswer, 
where  this  applies,  should  be  either  positive 
(+)  or "negative  (-)• 


" J  


Calciiiate  the  gradient  of  the*  line  AB. 


,  <^  (sign)  (nvLinber) 


705 


Calctilate  the  gradient  of  the  line  AB, 


(sign)  (mimber) 


ERIC 


7(16 


Calculate  the  -gradient  of  the  line  AB. 


AITSV/ER. 


^(sign)  (numher) 


.eric: 


7C7 


-;:.-••••'>'  


  V 


nV 


5/3(A)-2(b-); 


-  Calculate  -ohe  gradient  of  the  line  AB, 


ERIC 


AHSV/ER 


\-, 


(sign)  (number) 


..■-,r 


7 


 1 


■  .  / 


Y 


5/3(A).^3(a) 


Calcu3^a1;e  the  gradient  of  the,  line  AS^ 


AITS?/SR. 


(sign)  (number) 


er|c 


709 


V 


0— 


5/5(A)-3(b> 


Calculate  the  gradient  of  the  line  AB, 


(sign)  (number) 


ERIC 


710 


:ERlc: 


•7.13 


5/3(A)-.5(b) 


Y 


Calculate  the  gradient^  of  the  line  AB, 


(sign)  '  (ntunber) 


ERIC 


7^4 


Calculate  tlie  gradient  of  the.  line  AB. 


(sign)  (nuinl)er) 


.  5/3(A)-6(a)  ' 


^  X 


/  - 


ERIC 


7:1.5 


5/3(A)-6^b) 


\ 


Calculalbe  the  gradiont  of  the 


vVEH 


l^e  AB. 


\ 


\ 


(sign)  (numher) 


ERIC 


7.16 


Y 

4\ 


5/3(A)-7(b> 


B. 


Calcxilate  the  gradient  of  the  line  AB# 


\ 


(sign)  (mamber) 


ERIC 


7,1.8 


Y 


8 


B 


5/3(A)-8(a); 


^  X 


Calculate  the  gradient  of  the  line  AB. 


AlISV/ER 


(sign)  (number) 


ERJC 


719 


5/3(A)-8(l5) ' 


Y 


B 


^  X 


c 


Calculate  the  gradient  of  "the  line  AB.- 


ANSWER 


(sign)  (niomber) 


.er|c      .  .  72^ 


BASIC  SKILLS  OP  GRAPHICAL  INTERPRETATION 


SUBDIVISION '  ANALYSIS  SET  5M(A) 


NAME  AGE 


SEX 


SCHOOL  .  CLASS 


DATE 


INSTRUCTIONS  . 

Read  each  question  carefully,  .then  write 
your  smswer  in  the  space  provided.  Try  to 
guess  the  answers  to  any  questions  you  do 
not  know',  but  do  not  waste  time  on  more 
difficult  problems*  All  answers  should  be 
given  to  the  nearest  decimal  place,  and 
any  other  calculations  may  be  written  on 
the  back  of .the  page.  The  sign  of  an  answer, 
where  this  applies,  should  be  either  positive 
(4-)  or  negative 


721 


Obraplete  the  following  calculation. 


5/4(A)-X(aX 


6  7  3  I 

/ 


ERIC 


:       •                  '  -                                 \              -  • 

'                     .              '                                                               .                                                               .                    "  ' 
-       ^             *  1 

5/4(A)-l (b) 

\           '     - '                  Complete  .the;  following  palcvilation. 

/.     *  ■                  '         ^  •            '                 •      •                •  • 

• 

■ 

f  \ 

;     \    .  ■  •)„  .                                           .       .      -  • 

: 

:  :■  -  ■   -'X       8  T  2  =  :  . 

• 

\ 

- 

\  • 

\ 

\ 

• 

\ 

* 

Complete  the- following  calculation. 


.5/4(A)-2(a) 


* 


ERIC 

i--:.^:'   '__  :  


'  5/4(A)-2(b)  ^ 


Complete  the  following  calculation. 


10  r  4  .= 


p 


i  er|c 


-                            V  - 

•  • 

\ 

4 

\                 •  ■    •  ^  ■■■■ 

^ 

,  Complete  the  following  calciaation^ , 

«  *    '<  * 

t  • 

*  *  <■ 

.     !   •                            ^  *       "             '  ^  l 

>                                                                                                                                                                                                      .                                                                                                                                                                                                                                                                »  Jl"* 

^             .                                                                              t\.      ^  - 

;  ■  /  •" 

1 

-     '                            .         .            -Si  , 
..           \                                            '            •>  ' 

6.3  :  1:8                       .  '    : '.,  '      V"  ■'  : 

f 

-  t 

•  *                               *                                                      .  . 

•                                                               -  * 

i                                                                                     f                           •  . 

>                                 •  » 

726  •          "           ' '  •  -1 : 

ERLC^ 

•  •   ■,  .     •  ■    .•  ; 

\-  .■  •■ 

5/4(A)-4(a) 


Complete  tlie  following  calculation", 


5/4(A)-.4(b) 


Complete  fhe  following  calculation, 


\ 


2  T  5  : 


ERIC 


7-9 


5/4(A)-5(b) 


Complete  .the  follov/ing  calctilation. 


-9  T  (-3)  : 


ERIC 


5/4(A)-6(a) 


Complete  the  following  calculation. 


-10  T  2  = 


ERIC 


9 


\ 


Complete  the  following  calculation, 


5/4(A)-.7(a) 


.  5/4(A)^7(b) 


Complete  the  following  calculation. 


0  7  6  : 


X' 


5/4(A)-8(a) 


Complete  the  follov/ing  calculation. 


6  T  0  : 


•735 


.•,er|c 


5/4(A)-8(b>. 


Complete  the  follovdng  calcsulation. 


BASIC  SKILLS  OP  GRAPHICAL. INTERPRETATION 


SUHDIViniON  ANALYSIS  SBT  5/2 (B) 


NAME  .AGE 


SEX 


SCHOOL  /  CLASS 

  *  /   


DATE- 


INSTRUCTIONS  ,  • 

Read  each  quesWori  carefully,  then  write 
-ycmr-answer  in  the  space , provided.  Try  to 
guess  the  answers  to  any  questions  ybu  do  • 
not  know,  but  do -not  waste' time  on  more\ 
difficult,  problems.  All  answers  should  be' 
given  to  the  nearest  decimal  place,  and 
any  "other  calculations  may  be  written  on 
the  back  of  the  page.  The  sijga  of  an  answer, 
v/here  this  applies,  should  be  either  positive 
(  +  )  or '.negative  *  < 

.  .      r  ■        738   •  ,  ;  . 


5/2CB)-1  (a) 


•10 

• 

•  8- 

• 

-7. 

-6- 

• 

-  - 

•  . 

• 

♦ 

.3- 

> 

/ 

\ 

/ 

f  ( 

f  •( 

1  4 

H 

> 

5  1 

S  ' 

1  ( 

1  10 

-1- 

! 

/. 

-2- 

I 

.3. 
-4- 

1 

-5. 

1 

/ 

/ 

V 

» 

-6- 
-7- 

f 

-8- 

f 

-9- 

.tn. 

f 

Hule  a  tangent  to  the  cuire  above  at. the  point  where 
X  =  4.0 


r 


7;i9' 


5 /2(B) 


■to 

-9. 

.8. 

-7. 

^6- 

-5. 

-A- 

• 

> 

-3. 

*  \ 

-2. 

-.1- 

V 

1 

V 

0 

1  —5 

-2- 

1  4 

L  ' 

3  1 

7  1 

/ 

f 

-f- 

< 

-r 

/ 

-  / 

-5- 

— 

-6- 

-7- 

-•- 

t 

I 

I 

-9' 
-10- 

Rule  a  tangent  to  the  curve  above  at  tfie  point  where 
X='3.0  .  "  ' 


/ 


Rule  a  tangent  to  the. curve  above  at  the  point  where 
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Rulle  a  tangent  to  tlie  cujrve  above  at  the  point  where 
X  r:  -  3^0  \ 
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Rule  a  tangent  to  the  curve  above  at  the  point  where 
X  =  0. 
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.l\ile  a  tangent  to  the  cui-ve  above  at  the  jpoint  where 
X  =  0. 
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Rule  a  tangent  to  the  cnirve  above  at  the  point  v/here 
X  =  5.4 
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Rule  a  tangent  to  the  curve  above  at  the  point  where 
X  =  7.5  » 
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Rule  a  tangent  to  the  curve  above  at  the  point  where 
Y  =  2.0 


5/2(B)-6(a) 
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Rule  a  tangent  to  the  curve  above,  at  the  point  where 
X  =  4-0 
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Rulg  a  tangent  to  the  curve  above  at  the  point  where 
X  =  3.0  ■     ■  ' 
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5/2(B)-7(a) 
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Rule  a  tangent  to  the  curve  a'bove'  at  ^the  point  where 
X  =  4.0  '        .  . 
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Rule  a  tangent;  to  the  .curve  above  at  the  point  where 
X  =  3.0       .        '  ■ 


ERIC 


Rule  a  tangent  to  the  curve  above  at  tho  point  where 
X  =  4-0  -     (  . 


\ 


Rule  a  taiigen:t  to  the  curve  above  at  the  point  where 


X  =  3-0 


BASIC  SKILLS  OP  GRAPHICAL  INTERPRETATION 


SUBDIVISION  ANALYSIS  SET  5/3(B) 


NAME        '  \  .AGE 


sex; 


SCHOOL  CLASS 


DATE 


INSTRUCTIONS 

Read  each  question  carefiilly,  then  write 
your  answer  in  the  space  provided.  Try  to 
guess  the  answers  to  any  questions  you  do 
not  know,  but  do  not  waste  time  on  more 
difficult  problems.  All  answers  should  be 
given  to  the  nearest  decimal  place,  and 
any  other  calculations  may  be  written ^on 
the  back  of  the  pa^e.  The  sign  of  an  answer, 
where  this  applies,  should  be  either  positive 
(  +  )  or  negative  (-) .  ^'"^7 


5/3(B)-1(b) 


r 


■»  X 


Rule  a  tangent  to  the  curve  above  at  A. 


if 

.er|c 


•BASIC  SKILLS  OP  GRAPHICAL  INTERPRETATION' 


SUliDIvlsiON-  •ANALYSIS. 


SET  6/2 


•NAMK' 


Asp 


SCHOOL 


CLASS 


DATE 


INSTRUCT.lONSr- 


;  Re.ad  each  question  oarcfully,  then  write 
•  yoiar  anjswer  in  the  qpace  provided* -Try  to 
gue^  the  answers  to  any  questions  you  do 
not  know,  but  do  not  waste  time  on  more 
-^drffxcxd-t  problems.'  All,  answer ^  should  be 
given  to  the  nearest  decimal  place,  and 
any  other  calculations  mety  be  written  on 


"Itre-^b^ck  of  the  page*  The^ si^-of-^aiLzarxswS'r , 
viheJ^rXhxs  applies,"^ should  be,  either  ,positi.ve 
(  +  )/  or  negative  C-),"     '       ^^^fyQ-     '      .  ^' 


■  / 


ERIC- 


Calculate  the  area  between  the  line  AB  and  the 
horissontal  (X)  axis* 


ANSWER 

( number y 


769 


6/2-1 (b) 


20 
18 
16 
14 
12 

10 
8 
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'  1 


-50-45  -AO  -35  -30  -25  -20-15  -10  -5^ 


-2 
-4 
-6 
-8 
-10 
-12 
-U 
-16 
-18 
-20 


5    10  >15  20  25  30  .35  40.  45-  50 


■n 


Calculate  the  area  between  the  line  AB  and  the 
horizontal ' (X)  axis. 


ERIC 


AI'ioVfflH  >• 


(number) 
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6/2~2(a) 


-50-<5  -40  -35  -30  -25  -20  -15  -10  -5 


-4 
-6 
-8 

-10 
-12 
-K 
-.16 
-18" 
-20 


5    10  15  20  25  30  35  CO  45  50 


Calculate  the  area  between  the  line  AB  ati^Jbhe. 
horizontal  (X)  axis. 


(number) 
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6/2-2(b) 
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on 

'    5    10  15  20  25  30  35  40  4 
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?• 

/ 

Calculate  the  area  betv/een  the  line  AB.  and  the 
horizontal  (JC)  axis. 


(number.) 
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•  "7 
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0 

,  1 


.-  Calculate  the  area  between  the  line  AB  and  the 
horizontal  (X)  axis. 


iUJSV/ER 


(number")  '• 


ERIC 


77.3 


6/2-3(b) 


20 
'16 

If 

1 

i6 

'  

 . 

-  - 

- 

14 

■ 

/ 

12 

S 

1 

- 

10 

8: 

6 
U 
2 

• 

N 

t 

- 

» ^ 

25  -20  -1§  -10  - 

5 

-2 
-4 
-6" 
-8 
-10 
-12 
-U 

5    10  "15  • -20  25  30  35  k 
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.9  ft 

GalciLl,ate  the  area  betv/een  the  line  A3  and.  the 
horizontal  (X)  axis. 


(number) 
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Calciilate  the  area  between  the  line  A3,  and  the 


horizontal  (X)  axis. 


M3V/ER 


(number) 
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■6/2-40b) 
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Calciilate  the*  area  between  the  line  AB  and  .the 
horiaontal  (X)  axis. 


-(number)- 


ERIC  ' 


hriimnmrrriama 
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MffliffilffilffTll^iU  '\ 


Calculate  the  area 
horizontal  (X)  ^ms 


AITaV/ER 
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X. 


Calculate  the  area  between  the  ^line  AB  and  the 
horizontal.  (X)  axis*  *  : 


:ERic 


(number) 


\  . 
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2.5  5;0  75  •  10  12.5  15  175  20  22,5  25 


•Cal6ul.^te  the  area'  between  .the  line  AB  and  the 
"horizont^il  (1)  axis;  -  ' 


(njimber ) 
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Calculate  the  area  between,  the  line  AB  and  the 
horizontal  (X^  axis. 


ANS'.VER 


(niuabef ) 
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Calculate  the  area  between-  the  line  AB  and  the 
horizontal  (X)' axis.  '    ,  ' 
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Calculate,  the  area  between  the  line  AB  and"^  the 
horizontal  (X)  axis. 


AITSVffiR 


(number) 
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Calculate  the  area  between  the  line  AB  and  the 
horizontal  (X)  axis.  .  •  <  * 


MSV/ER 


(niunh.er ) 
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Calculate  the  area  between  the  line  AB  and  the 

0 

horizontal  (a)  axis. 
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"bIsic  skills  op  graphical  interpretation 


/ 


SOBDIVISION  ANALYSIS 


SET  6/3(A) 


NAME 


AGE 


SEX 


SCHOOL^ 


CLASS 


DATE 


INSTRUCTIONS 


Read  each  question  cafeftilly,  then  write 
your  answer  in  the  space  provided.  Try  to 
guess  the  answers  to  any  questions  you  do 
not  know,  but  do  not  waste  time  qn~mbre 
difficult  problems.  All  answers  should  be 
given  to  the  nearest  decimal . place,  and 
any  other  calculations  roay  ^'e  written  -on 
the  back  of  the  page.  The  sign  of  an  answer, 
where  this  applies,  should  be  either  positive 
(  +  )  or  negative  (-)'. 


— 44^ 


Mark  \yith  a  circle  the  ■  niuiitler  of  - each  square  above  ia 
which  the  shaded  area, .represents  at  least  half  the 
total  area  of  the  square.   


ERIC 


/6/3(AM(1>) 


Mark  with  a  circle  the  number  of  each  square  above  in" 
which  the"  shaded  area  represents  at  least  half -the 
total  area' of' the  square. 


ERIC 
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J^Iark_vva,:thL_a  circle  the  number  of  each  square^boye^in 


which  the  shaded  area  represents  at  least  half  the 
'total  area  of  the  square •■ 


ERIC 


788 
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6/5(A)^2(D): 


Mark  y/ith  a  circle  tlie  nximber  of  each 'square  above  in 
which  the  shaded  ar.ea  represents  at  leas.t  half  the 


^  total.  are^rof^he--sq.ua;re^. 


BASIC.  -SKILLS-  OP-GRAPHiCAL  INTERERElWHOM 


SUBDIVISION  ANALYSIS. 


SBT  6/ 3(B) 


NAME 


AGE 


SEX 


SCHOOL 


CLASS 


DATE  ^ 


INSTRUCTIONS 


Read  each  question  care fvilly,  then  write 
your  answer  in  the  ^space  provrded.  Tryi  to 
.  guess  the  answers  to  any.  questions'  you  do 
"no'lr^know^^biit-  do  not  waste  time  on  more 


difficiilt  problems.-  All  -ansye^ 
given  to  the, nearest  decimal  place »  and 
any  .othrg'r' calculations  may  be  written  on 
the  back  of  the  -page.  The  sign-  of .  an -answer, 
where  this  applies,  should  be  ^either ' positive 
(+)  or  negative 


\  <  4 


I  4^ 


6/3(B)-r(;a) 


4> 


Calculate  the  area  of  the  rectangle  above. 


AIJ3V/ER 
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1 

Calcixlate  the  area  ot  the  rectangle  above. 
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r 
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ERIC  ^  . 

d 

■  •   ■  "~   .■  ■  ■  •  '  792   .    '  '  ■ 

!• 

6/3(B) 


-^(a) 


i  Calculate  the  area-^  of  tnfe  rectangle  above-, 


AITSiySR 


(number) 


.ERIC  • 
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■  \ 


6/3(B)-^^(.b) 


<> 

t 

» 

1.3 


Calculate 't^e  area  of  the  rectangle  above. 


' .■  .•  (number) 
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Calciilai;e  the  area- of  the  rectangle  above  ♦ 
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MSVffiR 


("iTumber) 


ERIC 
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6/3(B)r3(D)  ■ 


Calculate •  the  ai-ea' of  the  rectangle  above. 


AIISVffiR- 


(nmber) 


ERIC 
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6/5(B)-4(b) 


0.3 
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Calculate  "the  area  of  the  rectangle  above. 


(niuQber) 
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BASIC  SKILLS  OP  GRAPHICAL  I^fTERPBETATION  -  -     *  .  • 
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SUBDIVISION  ANALYSIS      ^      SET  6M(B) 
NAME                                  ■'  "  AGE                              '  /. 
SEX 

• 

SCHOOL                           .    ■    CLASS,  ■    .                            ■  ' 

■■        -       1   . — 

.                          1    •  ■ 

f 

i 

DATE              .      -  ' 
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.    INSTRUCTIONS                     .      ,                             '  . 

* 

ReaU  each  question  carefully,  then  write                 *•*  ' 
yoiar  answer  in  the  space  provided •  Try  to 
guess  the  answers  to  any  questions  you/do 

not  know,  but  do  nojk  waste  time  on  more 
difficult  problems.  All  answers  should  be 
given  to  the  n^earest  decimal  place,  and  * 
any  other  calculations  may  be  written  on 
the  back  of  the  page.  The  sign  of  an  answer, 
where  this  applies,  should  be  either  positive 

ERLC 

(  +  ■)  or  negative  (-)^ 

■■  ■  .   .  .799 

r 


6/4(B)-.1(a) 


Complete  'the  following  calculation-. 


7x9  = 


\  ■ 


ERIC 


soo 


6/4-(B)^1.(b)/::. 


Complete  the  following  calculation. 


3x6: 


sol 


6/4(B).-2(a)  - 


Complete  the  following  calculation. 


U.1  X  6.6  : 


ERIC 


r 


6/4(B)-2(b.) 


/ 

/ 

/  • 


8.2  x.  2.8  : 


\  A 


er|c 


803 


• 

1 

*  •    .    -  * 

«                          .                „    - 

6/4(S)-5(a) 

*   '    •  1. 

Complete  the  following  calculation. 

/      ■                           ,         '       >  * 
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* 
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■6/4(B)-3(b)   •  : 

■     !  ... 

/             .                       ■                        ■      '             ■                          -    ,  . 

"  *  *                                                                                                                                                                                          *       ♦       .  *  ' 

■  ■   ■      1  ■  • 

1  ■  ■ 

:        '    j      *  . 

1 

^      •              '  ,  '                     *.  y 

Complete  tlie  follo\vii^  calculation • 
...  ♦ 

# 

♦                         J                   .  ^ 

i 

8  X  1  I 

'4 

/ 

1 

•             *  • 

* 

•  *  ; 

'  '    ..ao5  ';  ■  "  .  ■ 

-       ,     ...            .      -      •  ■      ^      r  ..  d 

6/4(B.)-4:(a) 


JbnpletG  the  following  calctaation. 


4  '  x  0.3  - 


If*     ,  » 


6/4(B).4(b) 


J 


f  f 

■  \ 


Complete  the  follo\viJig.  c^lcula'tiP^* 


;  \ 


5  X  0.9  •= 


V- 
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INSTRUCTIONAL  AND  TE$TIN6  MATERIALS  .      .      ^  ' 

* 

USED .  FOR  THE  MAJOR  VALIDATION  STUDIES  / 


ERIC 


"  81' 


\ 


SEQUENCE  OF  PRESEOTATION 


VALIDATION 
PROGRAMME 


SECTION 


NUMBER  OF 
.  PAGES 


II 


III 


*  1 

2 
3 

'  1 
2 
3 

1 

:  2 
3 


11 

17 
13 

17 
17 
13 

17 
17 
13 


NOTES 

1.      T^he  preparation  and  development  of  Validation  Programme  I  is 

0 

described  in  Chapter  VI  (Volume  I) ,  and  subsequent  modifications  are 

outlined  for  Prograumnes  II  and  III  respectively  in  Chapters  VII  and 
VIII  (Volume  I) .  \  , 

2'.      The  definition  and  classification  code  for  each  element  or 
basic'  skill  is  presented  in  Tables  5/4-5/10  (Chapter  V) ,  and  a  list 
of  the  relevant  sUbdivisional  conditions  is  presented  for  Progranimes 
I  and  II  in  Table  6/2  (Chapter  VI) ,  and  for  Programme  III  in  TadDle 
8/1  (Chapter  VIII). 


8>i  ^1 
11 


f 

3*     The  presentation  sequence  of  basic  and  subdivisional  skills 

for  each  section  of  the, Validation  Prograrames  is  outlined  in  T^le   *  * 

6/1  (Chapter  VI) . 


* 


8 


10 


BASIC_jKILLS-QP-GJl-APH'rCAL  INTERPRETATION 


PROGRAMME     |  •    •     SECTION  '  ] 


NAME  .  *  AGE 

,  .       (years)  (months) 

SEX 


/ 

SCHOOL  CLASS 


DATE 


INSTRUCTIONS 

As  you  work  through  this  programme.,  read  each 

question  carefiilly,  then  write  your  answer  in 

the  spabe  provided.  Any  other  calculations 
shQuld  be  written  on  the  BACK  of  the  page.  If 

you- are  not  sure  of  the  answer  to  a  question, 

take  a  guess  and  go  on  to  the  next  example. 

■  •"  '  "  8,13 


Th'is  is  a  HORIZONTAL  KTJMBER  LINE  with  poaxtlons  marlced 
frcm-O  to  10. 


'    ■    '    '  ' 


0    1     2'  3    4    S    6    7    e    9  to 


The  position  of  A  on  the  number  line  above  is  7. 


B 


0    1    2     3    4    5  6 


8    9  to 


Calculate  the  position  of  B  on  the  numbers-line  above. 


ANSTOR     B  = 


I- 


Calculate  the  position  of  C  on  the  number  line  above, 
AHSJaH     C  = 

.  ^ 

■  "  814 


This  is  a  VER')?ICAL  NUlTBiJi  Lmi. with  positions  marked 
from  0  to  10. 


10 
9 
8 
7 


The  position  of  A  on  this  number 

—  6 

lino  is  4. 

-  5 


3 
2 

1  - 


9  - 

-B 


'    Calculate  the  position  of  B. 
ANSWER     B  « 


Calculate  the  position  of  C, 
AI^SWER     C  = 


810 


1/; 


Let  ua  now  con^iine  the  Horizontal  and  Vertical  numbor  lines 
t.0  form  a  3RAPH  as  shown  in  the  diagram  below. 


VERTICAI  • 
AXIS  • 
(or  Niimber  Ll'jie) 

Y 


\ 

Y(A)' 


■<r. 


10- 
9 
8 
7 
6 
5 
I. 
3 
2 
1 
0 


1  2  3^56 
-X(A)— » 


7    8    9  10 


■  HORIZONTAL 
AXIS 

(or  N\ml3er  Line) 


•\ny  point  within  this  graph  can  now  be  easily  found  if  we 
know  both  its  Horizontal  position  and  its  Vertical  position. 
These  may  be  calculated  in  the  following  way 

The  HORIZQi'^TAL  POSITION  of  a  point  is  its  disl;anc'j  from  0 
measurod  along  the  Horizontal  or  X  axis.  1'hlo  is  shov/n  for 
the  point  A  in  the  graph  above  as  X(A)  =  4. 

\ 

TJie  TaRTIC.u:i  POSITIOH  of  a  point  is  its  distance  from  0 
measured  along. the  Vertical  or  Y  axis^  .This  is  shown  for 
the  point  A  in  fche  graph  above  as  Y(A)  =  6,  ^  ' 

•   ■    ■    ■  ,8,16 


B 

01     23    . ^    56789  to 


Calculate'  the  Horizontal  position  of  A, 

AI^SWER  X(A) 

Calculate  the  Horizontal,  position,  of  B. 

AJISWflR  X(B) 

Calculate  the  Vortical  position  of  A, 

AirjWKR  Y(A) 

* 

Calftulat'2  tho  V.^rtical  position  of  B. 

ANr///KR  y(B) 

.     ■  811 


•  Now  wc  can  'find  the  position  of  any  POINT  OIv  A  LINj).  .ukng 
the  method  described  in  the  example  below.  \ 


EXAI^IPLE 

Calculate  the  Horizontal 
,po3ition  of  A  when 
•Y(A)  «  7. 


.  X(A)  > 

t 

\ 

(1)  Find  the  given  position  Y(A)  =  7  on  the  Vertical  Axis; 

/ 

(2)  Move  across  to  the  line  and  mark  the  point  A  which  ha^ 
the  same  Vortical  position. 

(3)  Calculate  tht;  Horizontal  position  of  triis  point,  as 
;  shovm  on  the  graph  above. 

X(A^  =8. 

818'^ 


The  two  points  A  and  B  both 
lie  somevidiere  on  the  line 
;  sh.own  in  this  graph • 

;  Y(A)  ^;  3.        YiBy  »  6. 

Mark  the  positions  4  and  B 
on  the  graph*  .  ^ 

Calculate  tho  Horizontal 
position  of  K. 

\m'mi     X(A)  ^ 


Calculate  the  Horizontal 
position  of- 

4 

AltSWBR     X(B)  = 


Y  / 


1 

/ 

\ 

z 

\ 

— ir 

y 

\ 

/ 

pr   I  ■  I    \    I    I    11    I    I  I 
01     23    4\  56789  10 


Y 


012345678  ^9 


The  two  points  C  and  D  both 
lie  somewhere  on  the  curve 
shown  in  this  graph. 

^  Y(C)  W  2.         y(D)  «  .9- 
■»  —  — 

Mark  the  positions  C"a;\d  1) 
on  the  graph. 

Calculate  th-*  Horizontal 
position  of  C. 

ANSWER     X(C)  = 


Calculate  the  Hori^sontal 
position  of  D.\ 


'  The  two  points  A  and  B  both 


•shown  in  this  graph. 

in 

f 

$ 

Q 

8 

»^ 

7 

Mark  the  positions  k  and  B 
on  the  graph.  ' 

/ 
e 

Q 

* 

• 

5 

Calculate  the  Vertical 
position  of  A.    • ,   ,  .       ♦  • 

• 

3 

• 

1, 
0 

i 

ANSWER    'Y(A)  = 

1  » 

( 

I  1 

2 

3  « 

5- 

5 

7    8  ! 

}  1 

^  Calciilate  the  Vertical 
po'sition  of*  B. 


AH3\?BR     Y(B)  = 


The  two  points  C  and  D  both- 
lie  somewhere  on  the'  cxirve. 
shown  in  this  graph. 


10 

9 
8 

7. 
6 

5 

u 

3" 
2 
1 
0 


• 

\ 

0 

\ 

X(C)  =8. 


X(D)  «  5. 


01     23A56789  10 


Mark  the  posi.ti'ons  C  and  3) 
on  the  ftraph. 

Calctilate  the  V^jrtical 
position  of  C. 

AHSV/KR   ,  Y(G)  = 

Calcxilatp  the  Vt^rtical 
position  of  !)• 


AI^o^^/HR     Y(d;)  = 


In  order  to  find/  a*  oeitain  FOSITIOK  BBTV/Eiat  A  KOW  0?  POItiTS. 
use  the  method  deacrlhed  in  the  follO¥r?,n'g  eaqample. 


EXAMPLfi  ;  - 

daLoiilabf.'  the  Horizontal 
■position  "of  \  when 
1fXA)  =  5.  •       -V  ' 


t 


10 
9 
8' 
7 
6 
5 
I 
3 
2 
1 
0 


) 

r 

w 

1 

012    3    4    5    6    789  10 


yiJS'f?H03) 


\ 


(1)  Rule  a  lino'  through  each  of  the  point o,  as  shov/n  on  the 
.'£Taph  above,  *        *  '  ' 

(2)  Find  the  point  on  this  line  which  has/'-^r^rtical 
position  Y(A)  «  5.. 


(3)  Calculate  the  Horizontal  position  of  this  point. 


\ 


^/9 


The  two  points  m  amd  B  both 
lio  30Tne\^ere  be'tween  the 
rov/  of  points  shown  on  !his 
graph.        ■        ■  \- 

\ 

\ 


\ 


10 
9 
8 

7 
6 
5 
4' 
3 
2 
1 
0 


* 

>  • 

4 

\ 

2  t^S    4    $    6    7    8    9'  .10  - 


1' 


Calculate  the*Horlzontal  position,  pf  A  ftoen  .y(A) 


4. 


^  - 


'.Calciiia^e  the  Horizontal  ^aiti on  of.  B  when  Y.(B) 


8 


.In  order-' to  find  a  certakn  POSITION- BE^ 010)  ^CgIVEK  lilNE  OR 
ROW-OP  POIMTS.  follow        instructions, described- in  the 
,  example  below.  ^    •  ~ 


'.<*  —  

Calcula-^e  the  Horizontal 
po3lti-on'of  A  when 
Y(A)  *  ■ 


10 

\ 
7 

6~ 

5 
U 

3 
2 
I 
0 


\ 

Ik 

■\ 

\ 

\ 

0    l.    2    3    *    5    6    7    8    ?  10 
 '■  KCA)  > 


,  / 
/ 


(1^)  Riile  a  line  l^roiigh  each  of  uhe  points  (unlef33  a  li.ne 
is  given  in  the  prpblem). 

r 

(2)  Extend  this  lihe,  aa  shown  in  the  graph  aboye,  until 
,it  reaches  the  Vertical  position  Y(A)  «  ?• 

(3)  Caionlate  the  Hor^aontal  position  of  th>s  point. 


MSVffiR 


X(A)   a  9. 


^23 


The  two  points  A  and  B  both 
'  life  sonevi^here  beyond  the 
line  shovw  in'^his  graph  • 


Calculate,  the  Horizontal 

position  jof  K  wrtien  y(A)  =  5'' 
>  -r 

AI^SWSR  /  X(A)  =  ' 


Calculate  the  Horizontal 
poaitl/oa  of  B  when  KB)  a  7. 


7    8    9  to 


ANSWER     X(E)  s--^ 


I 

t 

,Y 

9 
8 

7 

.  6 
5 

3 
2 
1 
0 


t 

\i 

/ 
/ 

! 

/  ' 

\/ 

0 

1/234567 

B 

9  1 

The  two  points  £  and  3  both 
lie  some7*,ere  beyond  the  row 
of  points  shown  in  this  ^xaph. 


Calculate,  the  Horizontal 
position  of  C  when  Y(C)  *  5* 


AKSWER     X(G)  = 


Calculate  the  Horizontal  ^  / 
position  of  D  when  Y(D)  = 

ANSY/iK  X(D) 


Calculate  the  Vertical 
'  position  of  A, 


to 
9 


Calculate  the  Vertical 
position  of  B. 


AITSWEH  Y(B) 


0    1.2    it.    5    6    7    8    9  10 


\ 


The  two  points  C  and  5  both 
lie  somev^ere  on  the  curve 
shovm.  in  this  graph. 


Calculate  the  Vertical 
osition.of  C  when  X(C)  =  4. 


AK3W3R     Y(C)  = 


01     23^156789  10 


Calculate  the  Vertical 
position  of  3)  when\c5)  =  9. 


AN3\VBR     Y(D)  = 


825 


The  M.IZvirjm  Value  of  a  c\urvo  is  eq\xal  to  the  HIGHEST 
VBRTICAI  POSIT lOli  on  the  curve. 


The  Maximum  Va3.ue  of 
this  curve 

=  Y(U 
»  8. 


7    8    9  10 


The  IilINBimi  Value  of  a  curve  is  eq.ual  to  the  LOWEST 
VfcaTIOAl  POSITION  on  the  curve. 


(S 
I 


X 

The  Minimum  Value  of 
this  curve 

-  Y(B) 
«  2. 


01234S6789  10 


826 


D 

0    1     2    3    A  S 

B  7 

B  ! 

}  1 

.Calculate  th-r  Msixiraum 
Value  of  the  curv-.?  CD. 

/xNS'.VER     1,-AX  =  • 


\1  ^ 


Calculate  the  Minimum 
Value  of  the  cixrve  AB. 

-VNSWSR     riN  s 


\ 

A- 

\ 

- 

• 

/ 

/ 

/ 

/ 

/ 

0    1     2    3    A    5    6    7    8    9  10 


CaXciiLate  the  Idlnimum 
Value  of  the  curve  CD, 

ANSWER     MIN  = 


828' 


The  TURNING  POINT  of  a  cittve  ie  indicated  by  a  Change  in 
Vertical  Ittrection  along  the  ctarve,  as  shovm  in  the 
examples  below. 


Y  Y 

4^  J  '     y  C 


Place  a  mark  (  •  )  at  the  Ttiming  Point  on  each  of  the 
following  curves.  ^ 

Y  Y 


Y  Y 


3 


,  If  the  Tumlnf:  Point  of  a  ourv;e  has  tfie  HIGHEST  Vertical . 
gOBition  on  the!  curve,,  it  is  balled  a. ^MAXIMUM  TURNIKS  POIMT, 

If  the  Turning  Point  of  a  curve^^hiaia  the  LOWEST  Vertical 
position  on  tlie  curve,  it  is  called  a  MINIMUM  TURNING  POINT. 

\       "  - 

Show  which  of  the  following  ciirves  haa  a  MAXIMOM  Timiing  / 
Point,  by  writing  the  nusiber(s)  in  the  space  below. 


Y  Y  ,. 


ANSWBH 


\ 


BASIC  SKILLS  OP  GRAPHICAL  INTERPRETATION 


PROGRAMME     |  SECTION  2 


NAME  AGE 


(years)  (months) 


SEX 


SCHOOL    ■  CLASS 


DATE 


INSTRUCTIONS, 

As  you  work  through  this  programme,  read  each 

question  carefully,  then  write  yoxir  answer  in 

the  space  provided.  Any  other  calculations 
'should  be  written  on  the  BACK  of  the  page  /  If 

you  are  not  'sure  of  the  answer  to  a  question, 

take  a  guess  auid  go  on  to  the  next  example* 


A 

I 


B 


I     I  ■ 


I     i  I 


01234    5    6789  10 


Ca3.ciilate  the  position  of' A  on  the  number  line  above. 


ANSVKH     A  = 


/  • 


Csdciilate  the  position  of  B  9n  the  niiraber  line  above. 


.Calculate  the  position  of  C, 


Calculate  the  position  of  D. 

0  .  — 


10 
9 
8 

7 
6 
S 
4 
3 
2 
1 
0 


-C 


-D 


Complete  ^Iie  folloy/ing  calculations. 


\  =  ..2/2 

\ 

\  • 


The  BISPLilCiSMiil'NT  between  two  points  is  the  CHAi^'Gi:  l\f 
POSITION'  from  one  point  to  the  other. 


i]x':M:yLis  "  •  ^    A  '  '         B   ■  ■ 

'    '  ^    ■    '    '    '    ■    ^    '  ^« 

0    ,1    23    4    5    6    7^    9  W 

2hc  .Displacement 
froin  k  to  B  on"  the 

number  line  abovte       =     Pinal  Position    -  .  jUrat  Position 

(  call  this  M  ?  .  • 

"      »     B    -   A  ,  y; 

s     8    -    2  .  • 

«  6 

\ 


'      <      ■     '»  L^.J  1'    I      I      I     ■»  ' 

0    1    2    3    4    5    6    7    8    9  10 

Oalculatw^  the  Displacement  from  £  "to  3  on  the  'number  lino 
abcvot 


\ 


I  L 


01     234S6789  10 


Calculate  the  7)isplaceinent  from  S  to  P  on  the  number  line 
above 


er|c  '    *  '  833 


2/3 


,The  same  "rule  can  also  be  iised  to  calciilaite  the  Displacemeiit 
between  two  points  on  a  Vertical  nuinber  line. 


Calculate  :  ".he  'Displactiment. 
from  A  to  !B. 


to 
s 

8 

7 
6 
5 
4 
3 
2 
\ 
0 


■  / 


—A 


Calcixlate  the  I»isplacenent 
frolToTto  3. 

i 

kimm     ''JD  = 


10  - 
9  • 


8 

7 
6 

4 
3 

^2 
1 
0 


-D 


— C 


ERIC 


834 


- 

• 

A 

e 

1 

X 


°0    1    2    3    A    5    6    7    $    9  .  10 


Calculate  the  Horizontal  position  A, 

ANSVm.  X(A) 

dalculate  the  Horizontal  position  of  B, 

"      .       ANSWaR  X(B.) 

Calcnlat/i  th«  Vertical  position  of  A. 

.  I 

Cjjlculate  t:H.'  '/ortical  position  or  B. 

MS'ml  Y(H) 


I; 

y(AB)  6 

5 

3 
2 
1 

■  I 

0 


The  HOHIZpyTAL  DISPLACiilKfeH'J  be  tween  two  points  on  a  -graph, 
is  the  GKAJIGE  IN  HORIZONTAL  POSITION  from  one  point  to;  thfe 
other  -  that  ±Sf  the  change  in  position  measurecl  along  the 
Horizontal  or  X-axis.  ^  ' 

The  Horiiaontal 
■Dlspiacoment  from 
A  to  B  (called- X(A3)) 

=  .  .\(B.)    -  X(A) 

=    7    -    2  • 

=  .  5-.  ■ 


1% 


01     2345    6.    709  10 


.X(AB)-7^ 


■.rne  .YfijitTICAL  DISPLACfil^iBKT  between  two  points  on  a  graph 
|s'the  CHAN(JB  IN  V£RTICA1  POSmoN' from  one  point : to  the 
oth<-r  -  that  iaj  tlie  change  in  position  measured  along  the 
Vertical  or  Y-axis. 


■ThsJ  Vertical  Displacement 
from  A  to  B  on  the  graph 
above    Ccelltjd  T(AB))  * 


Y(B)  -  Y(A) 
9-5 


Calculate  the  Horizontal 
Displacement  from  A  to 


l\  Ai\S'SSR     X(AB)  c 


'C.aicxilate  the  Vertical 


^  ; Displacement 


AitmSR     Y(AB)  = 


A  to  B. 


10 


\ 


01     23^(56789  10 


10: 
9 

e 

7 
6 
S 

3 
2 
1 

0 


Calculate  the  Horizontal 
Displacement  frm  d  to  D» 

ANSWER     X(C3))  » 


01     23^S6789  10 


Calculate  the  Vertical 
Displacement  from  C  to  D, 

mS^IER  Y(CD) 


V 


Conipl.-ite  the  following  calculations  :- 


9 
3 


8 
2 


The  3L0?>]  0?  A. 


\^gICAL  I>ISFIACMI)T-  - 
.  HORIZONTAL  DISPLiCEMBKT 


he  Slop-:  of 
lift  line  AB. 


\ 


yertioa?.  Displaosment  from  A  to  B 


\     Horizontal  Di-splacement  from  A  to  B 


ERIC 


839 


2/9 


alciCate  the  Horizon'^al 
Displacement  from  A  to 


lOr 


M^Smi     X(AB)  ,^ 


Calculate  the  Vertical 
Displacement  froia  A  to  B, 

ANSWSH     y(A3)  = 


It 


01     23656789  10 


10 
9 
8 
7 
6 
5 
i, 
3 
2 


Calculate  the  Horizontal 
Displacement  from  C  to  D. 

Mspa     X(CD)  = 


Calculate  the  Vertical 
Displacement  from  C  to  D. 

ANSWER     Y(CD)  = 


01     236S6789  10 


ERIC 


In  order  to  calculate  the  SLOPE  0?  A  STHAIgHT  LINE  from  a- 
{traph,  follow  th^  method  described  in  the  example  below. 


10 


if 

Calculate  the  Slope 
of  the  line  AB. 


f 


Y(AB)  5 


1 


t 

A 

01     23456789  10 


(1)  Calc\ilate  the  Horizontal  Displacement  (  X(AB)  =  £. )  and 
the  Vertical  Displacement  (  Y(AB)  *  6. )  from  k  to  B,  as 
shown  on  the  graph  above. 


(2)  Use  these  'figures  to  cadculate  the  Slope  of  the  line  AB, 
\ising  the  method  shown  on  page  2/7. 


Slope  of  i.h^  linK;  -\B 


Y(AB) 
X(AB) 


,  , ,    Calculate  the  Slope  of  the 
line  AI 

ANS'^ER     Slope  = 


/ 

B 

•* 

T 

t 

y 

a* 

A 

1    234SS789  10 


Y 


^  10 


D 

s 

i 

C 

0  1 

1    2    3    4  S 

S    7  1 

1  ! 

i  1 

Calculate  tiie  Slope  of  the 
line  CD. 

ANSWER     Slope  s 


2/12 


The  T.^NG-Biyr  to  a  curve  ia  a  atrai^t  line  which  touches  the 
(iMTve  at  only  one  point ,  as  shown  in  the  example  below. 


The  line  ^  .is  a  tangent 
to  the  curve ,  ' touching  it  at 
the  point  P.  - 


(2). The  line  CD  is. not  a 
tangent,  since  it  cuts 
across  the  curve  at  P. 


Rule  a  Tangent  to  each  of  the  curves  "below  at  the  point  P. 


2/15 


f':ark  the  position  of  A  on 
toe  curve,  where  X(A)  =  8. 


10 


3 


Itark  the  position  of  9  on 
the  curve,  where  X(B)  s  4-. 


01    2    3456789  10 


ERIC 


mi 


ERIC 


Rule  a  Taii^ent  to  the  cirrve 
at  the  pointi^Nwhere 
X(B)  «  6. 


8i'J 


■^a-l-cul-ate-the_Slo:iLe_ojf_Jh|B_ 


'  * '  line 

AIsS^M     Slope  « 


10 
9 
-8 


B 

/i 

A 

0    1     2    3    il-  5    6    7    8    9  10 


10 
9 
8 
7 
6 
S 
t. 
3 
2 
1 
0 


Calculate  the  Slope  of  the' 
line  CD. 

AN3V/ER     Slope  « 


01     23^56789  10 


The  Tangent  to  - a  ciirve  has  the  same  slope  as  thb  curve  at  / 
fch«?  point  of  contact,  'i'his  iaears  that. -we  can.  now  calculate 
the  SLOPE  OP  A  CURVE  at  any  point,  usin^  th,e  method  .  :.. 
described  in  the  example  below." 


Galcnlate  the  Slope  of 
the  carve  at  the  point 
P  where  X(P)  =  3* 


23456789  10 
— X(AB)  > 


.i/aSTHOl) 


(1)  KeSk  jthe  point  P  on  the  curve  v^ere-X(P)  =  3. 

(2)  Rule  a  Tangent  to  the  cuorve  at  thic  point,  so  that  the 
•  ends  of  the  Tangent  are  vihole  numbers  (marked  A  and  B 

on  the  graph  above) 


(5)  Calculate  the  Slope  of  the  Taxigent  AB  using  the  method 

shown  on  pace  2/10. 
r  ^  

(4)  This  is  the  Slope  of  the  o\xrve  at  the  point  P. 

Y(AB)  9-56 

Slope    =  '    =  —r - —   s         =  1 

X(AB)         7  -  1         6  - 


"Calculate .  the  Slop'e.  of  the 
curve  at  the  point  A  - 
,w*iere  X(A)  .=  ^. 

A^rS\V3a"     Slope  =  ■ 


^  Y 

10 


1 

fl 

01     23^56789  10 


10 
9 
8 
7 
6 
5 

3 
2 
1 
0 

f 

f 

( 

i 

1 

1 

t 

( 

3  1 

2    3    A    5    6  7 

B    9  1 

.  / 


Calculate  the  Slope  of ^ the 
cu^e  at  the  point  B 
vriaere  X(B)  =  ?•  ' 

MsA     Slope  » 


•8i8 


,BAi5lC  SKILLr^  OP-  nRAP^lCAl,  INTlilKPRKTATlON  \ 


PROGRAMME  | 


SECTION  '3 


NAME- 


AGE 


(yecirs)  (months) 


SCHOOL 


SEX 


DATE 


CLASS 


INSTRUCTIONS, 

As  you  work  through  this  programme,  read  each 

question  carefully,  then  write  your  answer  in 

the  space  provided.  .  Any  other  calculations 
should  be  written- on  the.  BACK  of  the  page.  IT 

you  are  not  surd  b'f  the. answer  to  a  question,^^ 

take  a  ^ess  and  go  on  to  the  next  example. 


.8'19 


Complete  the  following  caiculutlons 


4  "I"  2  a 


5  X  5  « 


37  X  4  = 


29  X  5  = 


^e  can  VLse  the  following  formula  to  calculate  the  kBEk 
of  any  rectangle  or  square.  ^  ^ 


•AREA 


LENGTH    X  HEIGHT 


\ 


Use  this,  foniiula- to  calciilate  the/.ij:ea  of  the  following 
ficurea.  '  .  \ 

•1 


AI^SW£R  Areavj: 


^  AlvSWJjR    'Area  = 


/ 


5/2 


Th^?  sane  fopiTaa  can  also  be  used,  to  calcvdate  the  AREA  OF  A. 
GHAJH.  or.  qf  any  square  section  of  a  /graph.;  ; 

Tow  each  ijaph.is  made  up  of  many  small  blocks,  each  of  tho* 

» 

39jr:e  size,  and  the  AIIEA  OF  SACK  PJ.OCK  ifj  giv6n  by  the 
f onuu3.a  Ar,ea  ==  Length  y  Height  ,  3Si  shov/n  on  page  V1 » 


ilXAi-iPLil 


Calculate  f.ie  Area 
^-a  single  151601? 
on  t]"i3  oT^iph. 


HEIGHT 
(H) 


20 
18 
16 

K 
12 
10 
8 


t: 


0    5    10   15  20  25  30  35  ^0  45  50 


LENGTH  (L) 


Ii:L^i2Il  Cl)  of  c.'rioh  'cloci?  is  3*no;vn  on  the  Horlzontcl 
Axjg,  ai\d  the  HdlXHT  (H)  i3  shown  on, the  Vortical  Axis, 


Iri  *:ji.s  --ixiiUiple^,  tho  .\i'ea 
of      single  block  on  the 


L:-;NGTH  (J.)  X  HETGl'fV  (K) 
5x2 


10  units. 


/ 


.  / 

/ 


\ 


\ 


1 


Cal dilate  the, Area  of 
singl^p /block  on  this 

\ 

ANSVfis:?'^     Area  = 


1 

r 

\ 

1 

0     2    X    6    8    10   12    i;   16   18  20 


X 


Y 


10 

9 
0 
7 
G 
5 

J 


i 

L 

z 

i 

\ 

_.. 

Calculate  the  Area  of  a 
single  blowitj  on  thio 
£raph .  '! 


Ai:3Vf^     Are^  = 


0     5    10  15   20  25  30  35  40  AS  50 


o 

ERIC 


853 


Now.  we  can  calculate  the  AREA  OP  m  SJaCTION  OF  A  GRAPH, 
by  coimting  the  nmlDer  of  blocks  in  the  section  and  usin£; 
th<:>  follovdng  formula 

'!.'he  TO^IAIAlREA-  _  Area  of  a  single  „  Total  Kutmbor  of 
of  ai\y  Section'  Block.  Blocks  in,  the 

Section. 

o 

Y 


10 
16 

'f  16 

EXAI IL^ 

B 

12 
10 

Calculate  the  Area 

e 

below  th^  line  AB 

  6 

on  this  £Traph.                 ^  ^ 

c 

2 

n 

A 

« 

• 

• 

# 

°0    5    10  15  20  25  30  35  40  A5  50 


(1)  Calculate  the  Area  of  a  single  block  on  tiie  graph. 

(2)  Goitrt  tjie  total  )iumber  of  blocks  in  the  section  •  each 
'•)loclc  to  be  covcnte'3  is  marked  with  a  dot  (•)  on  the 
graph  abo'^^'e  • 

(3)  Calciilate  the  Total  flrea  of  this  section,  using  the 
formula  shown  above* 


(rlxample"  continued  on  page  5/5) 

,  853 


5/5 


5XWI£  (Continued  from  ps^s^J  3/4) 

'^o\nr  of  the  bjockn  in  th.-  section  to  "be  counted  from  the 
pranh  on  page  3/4  aTe  cut  by  the  line         In  such  a  case-:,  . 
w£*  tise  the  follov.ln^  rules  for  counting 

Xa)  If  10*3.^  than  half  of  the  block  is  included  in  \the  area 

*  we  wish  to'  calculate,  then  do  not  coiuit  that  "block. 
»  • 

(b)  If  half  or  mor^.of  the"T)lock  is 'included  in  the  area 
we  wish  to  calcxilate,  then  count  the  who! e  block. 

In  tris  example,  each  block  to  he  counted  in  the  section  ' 
i3  marked  with  a  dot  (•)  on  the  graph  (page  3/4). 


The  Area  o"C  a  single  block 

(as  shown  on  pagi:,*  5/2)  =  5x2 

3     10  units. 
The  Petal  numb-^r  of  blocks      =  39. 

The  Total  Irea  , Total  nuniber  of 

of  fiP  s=.caon      =     Area  of  :i  single     ^  ^  MockaMr  tne 
ho  low  .\3  ^loc>f: 


s«.ction 


10  X  39 
390  Units. 


ERIC  ^^"^ " 


Calculate  the  Are  i  of  a 

single  block  on  this 


5/6 


Y 


!:  . 



 ^ 

— 



V 

1  

— 

— 









— 

B 

— 

A 

_. 

I. 

L 

0     5    10  IS    20  25  30  35  ^0  ^5  50 


(1)  I'^ark  with  .a  dot  aach  block  you  would  co^ont  to  calculate 
the  'area  below  the  line  AB  on  the  graph  , above  • 

(2)  Count  the  ir.junber  of  blocks  you  have  marked. 


ii!33WfiR 


(5)  Calculate  the  Area  of  the  section  below  the  line  AB  on 
trie  graph  abovo. 

AuNSWiiR     Araa  = 


Caicv»late  thejVrea  of  a 
sin/rle  blook  on  this 


Area  = 


20 
18 
16 
U 
12 

to 

8 


1 

• 

— 

c 

D 

2    i;    6    8    10   12   K   16   10  20 


X 


(1)  Iv'ork  v'Aith  a  dot  each  block  you  would  count  to  oa^oulate 
the  area  below  the  line  CD. on  the  graph  above. 


(2)  Coiont  the  niWber  of  blocks  you  have  marked. 

■  ,  AKS-TEP 


(3)  Calctilate  the  Area  of  the  section  telow  the  line  CD  on 

,  C  I 

tae-  ^Taph  avSve.  <■ 


AJTSVY£R      .l^ea  = 


3/8 


Y 


0.al_c>iiJate_tho  .\rea_  of  a 
ein^jle  "^^locK  on  this 


'  0 
7 
6 
5 
A 
3 
2 
1 

•  0 


■""■'""* 

I 

._ 

\ 

\ 

B 

A 

\ 

\ 

\ 

\ 

\ 

\^ 

0     5    10  15  20  25  30  35  40  45  50 


X 


(1)  Lark  v/ith  s  dot  each  block  you  would  count  to  cailculate 
the  area  below  the  c^xrve.AB  on  the  graph  above. 


(2)  Count  the  nvuaber  of  blocks  you  have  narked/ 


^-lo^^-l^^^  Area  of  the  section  below  tih^  ciu*ve  AB  on 
the  graph  above. 


Area 

9 


Calculate  Ihe  Area  of  a 
aingle  tlock  on  this 
graph . 

AIs:S;/aR     Area  = 


20 

18 
16 

u 

12 
10 
8 
6 
I. 
2 
0 


1 

1 



C 

e 

D 

0     2    ^    6    8    10   12   U   16   18  20 


(1)  l/.ark  with  a  dot  ^ach  block  you  would  count  "  to  calculat-, 
tke  area  below  the  c\u?ve  CD  on  the  graph  above. 


(2)  Count  the  number  of  blocko  you  have  marked. 


ANSWER 


(5)  Calculate  the  Area  of  the  section  below  the  o\xrve  OD  on 


the  graph  above. 


,  V 


jUiSWER     Area  = 


kark  the  posioion  of  A  on 
the  line,  where  X(:\)  ^  25. 


10 

9 

0 
7 
6 
5 

3 
2 
1 
0 


* 

r-- 

— 

I 

c 

• 

: 

1  < 

0     5    1G  15   20  2!S  -ao-  3iK  40  /.G  50 


Y 


14 
12 

to 


n 

L. 

• 

•J 

[.... 

! 

L 

tar  A. 

ATX*  % 

kark  the  position  of  B  on 
the  line,  where  X<B)  =  16. 


X 


3/12 


Calculftte  the  Area  below 
the  line  in  this  grsph 
from  A  to  B,  where  X(A)  =  10 
and  X(_B)  =s  45, 

♦A^:'3./ER     Area  = 


Y 


10 
0 
0 
7 
6 

3 
2 
1 
0 


/ 


w 

— L. 



— 



JL 



— 

_ 

J 



-. 



■me. 

o 


.Y 


i  1 1 

r 

• 

:  

/ 

Calctilate  the  Area  below 
the  line  in  this  £Te,ph 
from  C  to  D,  v/here  X(C)  =  2 
and  X(D) 

.^^S-<YEH     Area  = 


0     2    6    6     0    10  Vi        16    18  20 


88 


A-3 


/ 


f 


/ 


Caloxilat«i  ^he  Area  "below 
t.l-ie  curve  in  tbls  graph  . 
f  roPi^A  ,to.  B,  where  X(A)  s  15 
a2)d  X(B)  =  40'.  •  " 


Y 


10 
9 
0 
7 
6 
5 

3 

T 
0 


. — 

1  • 

I 





: — 

j 



1 



1  ^ 

r  — 

i 

{ 

1 

\ 

i 

I 

t 

r 

1  ■ 

1  •\- 


0     5  .10  15   20  25  30.  .35  AO  45  ,50 


-1 


'.  / 


Y 


1G. 
U, 

A2\ 

w\ 


i 

i 

.... 

? 
•« 

1 

{ 

r 

•  7 

I' 

~1 

□ 

\ 

Calc'ula'te  the  Xrea /V-olov; 
the*  ciurVe  in  this  /Vi-aph 
from  C  to  I),  where  X(C)'=.4  , 
and  zTd)  J[4. 

0  MlSmn  .    Area  = 


_^         A-    6    0    10   12   14   15   10  20 


ERIC 


8d>! 
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HASIC  GKILLf.  OP  GRAPHICAL  INTERPRET  AT  I  ON 


PROGRAlya".E 


SECTION '     1  • 


•  ■  NAME 


AGE 


(years)  (months) 


\ 


SEX 


I 

I  SCHOOL 


•  CLASS 


\ 


DATE 


INSTRUCTIONS  .  '  ,  '  ^ 

As  you  work  through  this  programme,  reap  each 
question  carefully,  then  write  your  answer  in 
the  space*  provided,    i  Any  otheir  calcazlations 
-Should  be  written  on  -the  BACK  iof  ,the  page. 
-you  are  not  sure  of  the  andwor  to  a  que;,stiorl, 
take  a  wess^  and  go  on  to  the  next  example% 


This  is  a  TBIB  SOALS  measured!  in  years  from  0  to  10. 


1 

1    . 1 

1 

1*  r  1 

0123456789    16  .\ 

*    TIME  (IN"  YEARS)  ,  \ 

■  I  I 


The  time  at  position  A  on* the  , scale  aljove  is oTi  years. 
?r.i3  is  v/ritten  as  T(A)  »  7  yeans. 


I  - 


-  B      C  • 


,0    1    2  "^3    4-5    6    7    8    9  10 

TIME  (IN  YEARS,) 


^axc\aate  the  time  atipo3±tion  B  on  the  scale  ^hoye. 

I  '  - 

'         •  .  ■  . 

:li^si^.    T(3)  =  years. 


Ccflciilate  the  tiniL^  at  positioh  C  -  on  th-e  scale  i 


above .  J 


m:o.<zr  ,  ceo  = 


■/  / 

/  * 


• 


This  scale  shows  the  ANNUAL  BUtlH  RAJE  (that  is,  the  numher 
of  births  per  year  for  each  hxmdred  people)  in  a  large  city, 
and  is  measured  in  percent  ($5)  from  Q  to  .10. 


iV.e  Ajinml  3irth  Rate  at  position  A  on 
this  scal'3  is  4  5^. 

This  is  written  as  ABH(A)  =  4  ^- 


ABR 

10 

8 

LLJ 

6 

± 

5  4 

i  2 

<  1 

0 

-A 


ABR 

10 
9 


6<5 
^  8 

LU 

6 

3 
2 

<  1 
0 


-B 


< 

3 


Oalculate  the  Annual  Birth  Rate  at  B. 
ANSWER      A3R(B)  =       .  ^. 


"  Oalc\Tlate  the  Annual  Birth  Rate  at  £. 
Ai^S-.YBR      .\BR(C)  =  ^, 


865 


1/3 


Let  U3  .now  cojnMne  these  two  scales  to  form  a  GRAPH,  as 
shovm  in  the-  diagram  "below i  •  •  ^ 


ICAL 


AXIS 

ABR 

10 


°=  6 


ABR(A)  ^  3 

i  / 

•    <  1 


4 

A- 

01     2345    678.  9  10 

TIME  (IN  YEARS) 

— T(A)-» 


Y  HORIZONTAI. 
AXIS 


'Thfc'  TIlilS  at  anj"-  point  on  this  graph  'is  shovm  bj-  its 
distance  -from  0  m'.'asiired  along  the  Horizontal  or  T  axis. 
"Jho  tiino  at  position  A  on  the  graph  above  is  shown  .as 
=  4-  years . 


ERIC  . 


?ae  AI'irjUAL  BIRTH  R.^^il'i;  at  any  point  on  the  graph  Is  given  by 
its  dis'tanoe  from  0  measured  along  the  Vertical, or  ;il^K  axis. 
T-he  .inr.ual  Birth  Rate  at, A  on  the-  graph  above  is  shown  as 
A'OLU'A)  jz  .6  ^, 


866. 


ABR 

10 


^  9 


< 

a: 

X 

q: 


<- 
3 


<  1 


0-1     2345    6    78    9  10 

TIME  (IN-YEARS) 


Cal-iulate  the  Time  at  position  A. 

ANSV^ER     T(A)  - 

CalOvaate  "^the  'tlime  at  position  B.  ■ 

AlfSV/BR^    T(B)  = 
I  '-^   

Calculate  the  Anniial  Birth  Rate  at  A.. 

AKSWaR  .   ABH(A)  = 


y.ears . 


years . 


Oalfnilahe  the  Ar.niial -Birth  Rate  at  B. 


AIT3ffiIR      ABRXB)  = 


ERIC 


Now  we  can  find  the  Tlme'pr"  Anntial  Birth  Rate  at  any  POIMT  ON. 
A'  ilHS,  using  the  method  described  in"  the-  example  ''below. 


Calculate  the  T^me 
rtt  poaition  A  when 


ABR 

10 
9 


iBR(A) 


8 

f  5 

«  * 

-J  3 

■z.  * 

<  1 
0 


- 

t 

0    1     234    5    878    9  10 

TIME  (IN  YEARS)  • 


■T(A)- 


(1)  Find  the  given  position.  ABH(A)  =.-7     on  the  Vertical  axis. 

/ 

C2)  liove  across  to  the. line  and  mark  the  point  A  on  the  same 
lov.^1.       .>  ~      .  .  •      •         ■  ■ 

(5)  Calculate  the  .Time  at' this  point,  as  shown  on  the„  graph 
above. ^  ,  .  '  ■ 


T(A)  =  8  years. 


\ 


The -two  points.  A  and  B  both* 
lie  somewhere  on  the  ifne 
shown  in  this  graph. 

ABR(A)  =  2^^-  ABR(B)  =  6  ^6. 

Mark  the,  positions  A  and  B 
on  the  graph • 

Calcxilate  the  Time  at  A. 

ANSWER     T(A)  =  '  years. 


Calculate  the  ;riine  at  B. 
ANSWER      T(B)'  =  years. 


ABR 


1     2    3'45    6    7    8    9. 10 
TIME  (IN  YEARS) 


ABR 

10 
9 


5^ 
^  8 

X 

h-  5 


< 

i  2 
<  1 

0 


/ 

- 

/■ 

0    1/2-3    /»  .  5     6    7    8    9  10. 

/     TIME  (IN  YEARS) 

/' 


The  two  points  C  and  9  both 
lie  spmewhere  on  the  curve  . 
shown  in  this  graph. 

ABR(C)  =  2  5^.  ABR(D)  ^  9  ^ 

Mark  the  ^positions  C  and  D 
on  the  graph. 

Calculate  the  Time  5tt  C. 

An'sWER     T(C)  =  yearsf. 


Calculate  the  Time  at  5; 

L  ■ 

ANSWER  "    T(D)  -  ^  years. 


"86.9 


^1/7 


•jJh«%*  tv/o  points  k  and  B  both 
lie  somewhere  olti  the  line 
shovrn  in  this  graph. 

'i'(A.)  =  4  yrs.  10  yrs. 

Kiark*-  the  positions  A  and  B 
on  the  graph. 

Calculate .  the  inn\ial  Birtlj.. 
Hate  at  A. 


Calculate  the  Ajmual  Birth 
Rate  at  B. 


0    1     2    3    4    S    .6    7    8    9  10 

TIME  (IN  YEARS) 


ERIC 


ABR 


10 

9 

8 

LU 

7 

< 

6 

X 

b- 

5 

4 

3 

< 

2 

< 

1 

\  ■ 

A- 

0    1     2    3    4    S    6    7    8    »  10 

TIME  (IN  YEARS) 


The  two  points  £  and  D  "both 
li.e  somewhere  on  the  .curve 
shown  in  this  rraph. 

T'(G)  =8  yrs.  TCH)  =  5 /y^s.'' 

Inark  the  positions  0  and  D 
oh  the  graph. 

Calculate  the  ibinual  Birth 
Rate  at  C; 


ANSV/BR  A3R(C) 


Calculate  the  Innual -Birth 
Rate  at 


-870  . 


The  following  method  may.be  used  to  find  the  Time  or -Annual. 
Birth  Rate  at  any  position  between  a  row  of  points  on  a  graph, 


bal dilate,  the  ''?ime' 
at  posi  tion  A  Vrhen 
.\BTi(A)  =  5  S^. 


ABBCA) 


ABR 

10 


6^ 
^  8 

UJ 

^: 

H  5 
111  . 

CQ  ♦ 

-J  3 
< 

=^  2 

<  1 

d 


- 

t 

0    12    3    4    5    6    7    8    9  10 

'  TIME  (IN  YEARS)  o 


•T(A)' 


m 

(1)  Hiile  a  line  through  each  of  the  points,  as  shown  on  the 
rraph  above • 

X2)  t?ind  the  point  A  on  this  line,  \^ere  the  Anniial  Birth 
.  .   Rate  (.U3R)  =^5  5^.    ,  ^"j  . 

(5)  Calculate  the  Time  at  this  position* 


'^(A)  g  6  yriars> 


87i 


The  two  points  A  and  B  both- 
lie  somewhere  between  the 
row  of  points  shown  on  this 
graph . 


UJ 
< 

X 


< 


0    1     2  .  3    4  *  S    6    7    8    9  tO 
TIME  (IN  YEARS) 


Calctdate  the  Time  at  A.  when  AI5R(A)  i  4  JS. 


AHSV/ER     T(A)  =■ 


Oalcvilatc  the  Tinw  at  B  when  ABR(B)  =.6'%, 


ye.atTG .. 


years, 


•In  order  to'  find  the  Time  or  Annual  Birth  Rate  at  any  . 
pbaitioii  beyond-  a.  given  line  or. row  of  points,  follo'w  me  "■' 
instructions. described  in  the  example  below.        *  .  > 


ABR 

9 


BXAJ>TLB  -  ■  _  ^ 

e-aloulate  the  Time 
at'  position  A  when 
..V3RCA)'  =  7~^T" 


ABR(A) 


6>S 


CQ  ^ 

-J  3 

<  - 

i  » 

<  1 


*  1 

c 

/ 

0    1     2    3    4    S..S    7    8    9  10 
-tiME  (LN- YEARS)  . 


(1)  Rulfe  a  "line  through  each  of  the  points  (-unless- a  lino 
i'S  given  in  the  problem)/ 

(2)  rJxt^nd  thiS'  line,  as  shown  in  the  graph  above,  until  it 
reaches  the  Vertical  Position  ABR(A)  «'7 


'(3)  Calculate  the  Time  at  this  position. 


T(A>  =  -9-  years. 


'Thti  twq  points  A  send  B  both 
lie  somewhere  beyond'  the 
line  shovvn  in  this  .graph  ♦ 


^  Calculate  the  Time  at  A. 


years  < 


Calculate  the  Time  at  B 
when  ABR(B)  =  75^. 

A:,'CTra     t^B)'.'  -ye.ars'. 


ABR 

10 


H 

<. 

X 


< 

z 
< 


—J 

> — 

— > 

0    1     2    3    4    S    6    7    8^  10 

TIME  (IN  YEARS) 


ABR 

10 

9' 


.Hi- 

^  6 

3* 

5 

CQ  * 
3 

2 

1. 
0 


< 


0    1     2    3    4  -^S    6    7    «    9  10 

-TIME  (IN  YEARS)  . 


The  two  points  £  ar.d.B  both 
lie  somewhere  beyond  the  row 
of  points  shown  in  this  graph. 


Calculate  the  Time  at  C 
when  A3R(C)  =  5 


ANSWER     T(C)  = 


years . 


Calculate  1lie  Time  at 
when  ABH(D)  =  9  J^. 


AKSWflR     TO)  = 


years . 


Calciilat.<'vthe  Annual  •^Jirth 
Rate  at- .-A'.  .   •  ■ 

ANSWER      A.BR(A)  a/^ 


Calculate  the  Aimxial  Birth 
■Rate"  at  B.  " 


AiiSWSH     ABR(B)'  = 


10 


>^  9 

»««  . 

UJ  . 
•  H  7 

CQ  ^ 

^  3 
< 

<  1 

b 


• 

r 

A: 

0    12    3    4    5  ^  f   .7    8    9  -10 
TIME  '(IN  YEARS)  . 


i  2 

<  1 


to 

9 


-  ^ 

0    1     2    3    4    5    (    I    i  9.10 

TIME  (IN  YEARS) 


The  two  points  C  and  D  both 
lie  somewhere  -on  the  curve  . 
3h(own  in  'this  graph. 


Calculate  the  iXiiiiual  Birth 
Rate*at.C  when  T(C)  =4  years. 


Calculate  the "Annual  Birth  . . 
Rate  at  D  v/heri  !?(D)  =  9  years, 


ANSIVBR      ABR(D)  = 


^'  ■  875 


1/43 


TheMiaH.aJK  Value  of  a  curve  la.  equal  to  the  HIGHiiST 


VrJRTICAI/  POSITION  Oil  the  c^urve. 


""ho  I'axiraiun  Annual 
*  Birth  Rate  ahown 
on  this  cii3pve 


til 

ABR(A)    M  ^ 

z 

«t  1 


ABR 

to 

9 


A- 

-\  

0    1     2.  3-  4    S    S    7    r    9  10 

TIME  (TN  YEARS')"^ 


The  ^:-INI^^jI^•.  value  of  a  curve  is  equal  to  the  LCVffiST 
VBRTICAI.  POSmON  on  >the  curve.  •  - 


0    1     2    3'  4    S    S    7  ^  8    9  10 

TIME  (IN  YEARS) 


The  I.'dhirauin  Annual 
Birth  Rate "ahown  on 
this  curve 

=  ABR(B) 


-876 


Calealate  the  Maxinmm 
Annual  Birth  Rate  on' 
the  curve  ^ . 

Kax..\BR  =  S^. 


2    3    4    S    S    7    8    9  1C 

TIME  (IN  YEARS) 


ABR 

JO 
9 


LU 

i  2 

< 


IT 


Z 


^0,   1     2    3    A    5  Jt    7    8    9  JO 
TIM^  (IN  YEARS) 


Calbulate  the  Maicimitm 
Annual  Birth  Rate  on  • 
the  curve  CD, 


ausv/jsr 


Max. ABR  = 


87?  ■ 


J5. 


Galc'olate  the  Miniaaum 
Anr.-aal  Birth  Rate  on 
the.  curare  A3.  . 


AliS'JjilR. 


Min.ABR  = 


ABR 


10 

9 

6^ 

8 

tii 

7 

< 

6 

X 

5 

q: 

3 

< 

2:" 

2 

< 

1 

0. 

A 

9 

* 

• 

f 

0    r    2    3    4    5   '8    7    8    9  10 
TIME  (IN  YEARS) 


ABR 

to 


Ui 

< 

o: 

-a: 
q:. 


< 

z: 
z: 

<  1 


! 

D 

/ 

c 

Calculate  the  Minimum 
jlnnual  Birth  Rate  on 
the  curve  CD, 


0    1     2345    (  78910 

TIME  (IN  YEARS) 


Min./iBR  = 


Ohe  TURTjIllG  POINT  of  a  curve  is  indicated  by  a  Change'  in 
Ver-bical  -Direction  along  the  ciirve,  as  shovm  in  the  two 
examples  below.  ,         .  -  ' 


Place\a  mark  (  •  )  at  the  Turning  Point  o'h  each  of  the* 
•following;  curves. 


ABR 


If  the  Timiing  Point  of  a  curve  .has  the  HIGHSST-  Vertical" 
position  on  the  curve,  it  is  called  a  MAXIMUM  TURNING  POINT. 

If  the  •ihiming  Point  of  a  curve  has  the  LOWEST  Ver1>ical  - 
position  on  the  curve,  it  is  called  a  KINIIOJIv!  TURimro  POIliT. 


3ho\v  which  of  the  following  curves  has  a  MAXIMUM  Turning 
Point,  by.  writing  the  nuinher(s)  in  the  space  below* 


ABR 


ABR 


ABR 


ABR 


880 


BASIC  SKILLS  OP  GRAPHICAL  INTERPRKTATION 


PROGRAMME     |- 1 


■  section"  2 


"NAME 


SEX 


AGE 


Cyears) ■ (months) 


SCHOOL 


CLASS 


DATE 


'    INSTRUCTIONS  ■     .  ' 

As  you  work  through  thi:?^  programme ,  read  each 
question  carefully,  then  write  your  answer  in 
the  space  provided.  Any  other  calculations 
should  be  written  on  the  BACK  of  the  page.*  If 
you  are  not  sure  of  the  amswer  to  a  question, 
take*  a  guess  sind  go  on  to  the  next  example. 


I  ■  i  I  I  I  I  t  I  I  I  T 
01    2    34    S    6    789  10 

TIME  (IN  YEARS) 


Calculate  the  Time  at  position -A  on  the  scale  above. 
AHSy/SR     a:(A)  =  year:s.       -  ■ 


Calcialate  the  Time  at  position  g  on  the  scale  above. 


ANgyER     T(B)  s  years. 


\  ABR 

10 


Calcialate  the  Annual  Birth  Rate  at  C.^  9 

..  .  n 

^  v..      .  UJ 

AKS-^fgl     ABR(Cy  =  '-"^  '  •  <  ^ 

-    S 

X 

5  * 

i  2 

i  1 


"Calculate  the  Annual  Birth  Rate  at.D. 
ANSWER      ABR(D)  =   *         jf.  ' 


Complete  the  following  calculations.' 


10  -  5  »  •9-2 


The  CHANGS  IN  TliaS  between  two  points  on  a  Time  scale  is 
measiir.ed  by  the  change  in  position  on  the  scale  from  one  t 


point;  to  the  other. 

/ 

sxa^iplb' 

«  -  - 

"The  Change  iri  Time 
;^rom  A  to  B  ori  -  the 
/scale  ahdve, 
(  called  T(AB)  ) 


■'1 
I 


B 


I  II  I 


0    1    2    3    4    5    6    7    8    9  10^ 

-    TIME  (IN  YEARS) 

e  ?inal  Position  -    First  Position 

=  T(B)  "  -    T(A)  .  .  i 

=  "8  ,  -    2    years  i 

=  -6  year's  • 


I  L 


c 


*      1  i 


D 


J  I 


0    1    2    3    4    5    6    7    8    9  10 

TIME  (IN  YEARS) 


0^, 


alculate  the-  Change  in  Time  from  C  to  D  on  the  scale  ahove. 
ANSWHR  '  T-(CIj)  =        .    yearq.  " 


I       I       I       I       i       t  I 


J— L 


^  0    1    2    3    4    .5    S    7    8    9  10 

TIME  (IN  YEARS) 


IT 


Calculate  the  Change,  in  Time  f rom  E  to  P  on  the  scale  above. 


'?he  same  rule  can  also  be  used  to  calculate  the  CKilNGE  IN 
ANNUAL  3IHTH  RATS  between  two  points  on  a  Vertical  scale. 

 f—.  ^  :   . 


Calculate)  the  C-hange  in  Aniaxal 
^i'irth  Rate  from  A  to 


AHS^'  '  ABR(A3)  = 


Calculate  the  Change  in  Annual ^ 
»Urth  from  £  to  D# 


ABR 

10 

""-^ 

8 

UJ 

^  6 

X 

5  4 

i  2 

z 

<  1 

'  0 

-B 


-A 


ABR 

10 
9 


^  8 

UJ 

f  5 

a:  ' 

5  4 


i  2h 


-D 


88 


10 

9 

UJ 

7 

6 

5 

H- 

• 

CQ 

3 

< 

Z 

2 

< 

1 

0 

• 

V 

1.  2    3"  4    5    6    7    8    9  10 

TIME  (IN  YEARS) 


OaicTilatf!  the  Time  at  position  A. 
Calculate  the'  Time  at  position  B. 


Cal cilia  to  the  ^Irjnual  Pir»;h  Rate  at  A» 


Calciaate  the  /annual  Birfn  Rat..-',  at  B. 


in 


'he  nh  \nee  in  Time  between  two  points  on  a  GHAPH  is  t-'jual^  Xft 
the  Change  in  Position  from  one  point  to  '.h-i  other,  m  -aft^ired 
along  the  H.ori'zontal  (T)  axis.  ' 


■Jhe  Change  in  Tiae 
f ro't!i  A  to-  B , 
(liiarkrfd  TC^^B)) 


•=  7  -  ?  years, 
-    ^-  years*  ^ 


ABR 

10 


ABR(AB) 


»-  5 

5* 

-J  3 
< 

i  2 

z 

<  1 
0 


1% 


1% 


0    1     2    3    i    S    e    7    8    9  10 

TIME  (IN  YEARS) 

— T(AB)— » 


The  Change  in  Annual  3irth  Rate  between  two  points  on  a 
I'raph  is  viqual  to  the  Change  in  Position  fabm  one  point 
to  -h-.i  othorj  rneasnred  alon?;  the  Vertical  (ABR)  axis.  , 


'I'hfi  Change  in  .'Innual  Firth 
Rite  from  A  to  B  on  the  gi'apii 
above  •  C inarke d  .\BR(  AB ) ) . 


-    AI}R(B)    -  ;\BR(A) 
=    9.    -    3  ^ 
=  6 


886 


Calculate  the  ".Change  in 
•cime  from  A  to  B. 

Xi^S'J2R     -TOVB)  =  '     '  yrs. 


Calculatp  th-2  ■Chttnge  in 
"limiial  Birth  -Rate  from 

^  to  9.        , ' 

AKSlYSa      ABR(AB)  = 


ABR 

10 
9 


Ui 

°=  8 
?  S 

-I  3 
< 

z:  < 
.<  1 


^6 


0    1     2    3    A  -S.  .S    7    8    9  10 

TIME  (IN  YEARS) 


A, 


ABR 

^  9^ 

^  8 
UI 

6 

X 

"H  5 
q:  ^ 

5  * 
i  2 

<  1 
0 

« 

0    1     2  *  3    4    S    8    7    8    9  10 

TIME  (IN  years) • 


Calculate  the  phange  in  Time  ' 
from  C  "Jbo  D. 


AI'SW£R     TCCB)  = 


yrs, 


Calciilate  the  Change  in 
Annual  Birth  Rate  from 
C  to  1). 


Complete  the  following  calculations  ^- 


8. 
2 


'?h.'-  RXTE  0?  CH.1>;G£  in  jVnniiar  Birth  Hate  (measured"  in  ji  per 
year)  between-  two  points  on  a  graph  is  equal  to  the  SLOPE  of 
the  line  ;5pining  these  points.  This  may  be  calculated  as^ 
3how)5  ijj  the  example  below.  .    *  •  . 

ABR 


ABR(AB) 


SXAI^PLS 


•The  Hate  of  Change  in 
-..innual  Birth  Rate  from 
A  to  B. 


•=    Slope  of  line  AB, 

Changti  in  Ann\ial  Birth  Hat 6  from  A  to  B  (JS) 
Change  in  Time  from  A  to  B  (j'ears) 

■  .\bR(AB) 
T(AB) 


=    -  ^  p.-^r  year. 
5 

s    2     prt  year. 


888 


Calculate  the  Rate  of  Change 
in  :\nnual  Birth.. Hats. from 
A  to  B.  ^ 


Hate  = 


io  per  year. 


J 


ABR 

4^ 


> 


Calciilate  the  Hate  of  Change 
in  .Vnnual  Birth  ^late  from 
C  to  D. 


^  Rate 


per  year* 


ERIC 


I  Calcxilate  the  Change  in  * 
Tim'-r  Crom  A  to  B. 


Calculate  the,  Ohanga  in 
jlnnuai  Birth  Rate"  from 
A-  to  B.  • 


ABR 

.10 


&-5 


•UJ 

q: 

5  * 

1j  3 

<. 

it  1 


-■- 

• 

• 

ft 

♦ 

01     2    3£.SS769  10 

TIME  (IN  YEARS) 


:ABR 

10 
9 


UJ 

6 

X 

<  1 


01     2    3    4    S    S    7    8    9  ,10 

TIME  (IN 'YEARS)- 


Calculate  the  Chapge  in 
Tine  from  C  to  3. 


^iNCTia     T(Cli)  •= 


yrs, 


Calciilate  the  Change  in 
Annual  Birth-  Rate  from 
C  to  2). 


890 


.\::'.l(CD)  = 

\  •  •  • 


2/10 


In  order  to  calculate  the  Rk'il^  OP  CKANrrii  in  ^Innual  Birth 
JtaAe^frota  -a-GHAPEy  ^follow-  the  method  described  in.  .the-  ^ 
•example- "below.  ^  '  '\.   

-  ABR 


1.0 
9 


Calculate  the  Hate 
of  Change  in  Anniial 
.Pirth  Rate  from 
A  to  B; ' 


ABR(AB)  5 


m  '* 

-I  3 
< 

i  2 

<  1 
0 


B 

XL 

• 

■ 

i 

< 

A 

0!     23456789  10 

TIME  (IN  YEARS) 


i.:>JTH03) 


(1)  Calciaate  the  Change  in -Time  (T(AB)""  =  2  years)  and  the. 
■  Ohan^^e  in  ilnniial  Birfch  Hate  (ABR(AB)  =  6  io)  from  A  to'B, 
as  aliown  oh  th-.j  graph  above.  •  ,  ' 


r 

(.?.)  ^'se  thesj  <iy)j?es  to  calculate  the  Rate  of  Change  in 
Anmi:>l  ]3irth  Ri^.te,  using  the  method  shovm*  on  page  2/7. 

*    ;      ■  •  ■ 


Rate  of  Chahge  in  'IBR"  =• 
fjoffi     to  B.  '  - 


Af<R"(AB) 


Ca^cixlate  the  Kate  of  ChanPe* 
in  Annm 

A  to  b; 


in  Ann\ial  Birth  'Ra'te  from 


5ate  n 


per  year. 


ABR 


0  t 


2    3    4    5    6    7  8 

TIME  (IN  YEARS) 


ABR 


10 

9 

8 

UJ 

7 

< 

cc 

6 

X 

S 

cc 

CO 

4 

3 

< 

ZD 
Z 

2 

Z 

< 

1 

0 

I  /I  « 

c 

01  234S678 

TIME  (IN  YEARS) 


9  10 


Calculate  the  Rate  of  Change 
in  Annual  "Birth  Rate  from 
C  to  D.  ^ 


AlISYfiiiR 


?.ate  = 


/o  per  year. 


The  TANGBICT  to  a  ciurve  is  a  strai^t  llr\^  which  touches  ihe 
curve  at  only  one  point,  as  shown  in  the  example  below.. 


EXAIIPLE 


(1)  The  line  is  a  Tangent 
to  the  curve,  touching  it  at 
the  point  P. 


(2)  The  line  CD  is  not  a, 
tangent,  since  it  cuts 
across  the  curve  at  P. 


Rule  a  Tsiigent  to  each  of  the  curves  below  at  the  point  P* 


2/1.5* 


Mark  the  position  of  A 
on  the  curve,  where 
'"TfAO^^s  8  years. 


1     2    3    4    5    6    7  8 

TIME  (IN  YEARS) 


9  10 


ABR 

10 


6-5 


f  5 

\  «  * 

-I  3 
< 

i  2 

0 


0    12  3 


4  b 

TIME  (IN  YEARS) 


6    7    8    9  10 


Mark  the  position  of  B 
on  the  curve,  where 
T(B)  s  4  years. 


2/14 


] 


Rule  a  Tangent  to  the  ciirve 
at  the  point  A  where 
T(A)  s  3  years. 


ABR 


1     2345    S    78    9  10 

TIME  (IN  YEARS) 


ERIC 


2  3  4  5  6  7  8 
TIME  (IN  YEARS) 


Rule  a  Tangent  to  the  c\irve 
at  the  point  B  wherfe 
T(B).=  6  years. 


Cal'ciilate  the  Rate  of  Chauige 
in  -Vmual  Birth 'Rate  from/ 
A  to.B.  / 


iiate  = 


pjsr  year. 


1     234567    8  910 

TIME  (IN  YEARS)  . 


ABlR 

10 
9 


&>5 


< 

X 
H 


-J  3 
< 

1  1 

.  0 


0 

i 

t 

i 

c 

01     23456789  10 

TIME  (IN- YEARS) 


Oaloulate  i:he  Rate  of  Change 
in  Annual  Birth. Rate  from 
0  to  D. 


ANS\VaH 
Rate 


8.% 


^  per  year. 


2/16 


The  Tangent  to  a  cmrve.  has  the  same  slope  as  the  curve-  at 
the  point  of  contact*  This  meahz  that  we  can  now  calculate 
the  Hate  of  Change  in  ABR  at  ainj'-  point  on 'a  CU5V£y  since  this 
is  equal  to  the  Slope  of  the  Tangent  at  that  pc^nt; 


Calculate  the  Hate 
of  Change  in  ABR 
at  the  point  P 
where  T(?)  s  3  yrs, 


ABR 

io 

• ' 

9 


ABR(AB) 


UJ 

6 

X  ■ 
H  5 

5  A 
3 

< 

i  2 

<  1 
0 


B 

f 

/ 

01     234-56789  10 

TIME-  (IN  YEARS) 


■T(AB)' 


(1)  V.exk  the  poir.-t  F  on  the  c\iTve  wh.ere  =  3  years. 

(?)  Riile  ?.  Tangent  to  the  oiirve  at  this  point,  so  tha^  the 
ends  of  the  Tangent  are  whole  niuabers  (marked  A  and  B  , 
on  tils;  graph  above) 

(5)-  Calcnlate  the  Slope  of  the  Tangent  AB  using  the  method 
shown  on.  page  2/10, 

(4)  This  is  eq.ual  to  the  Rate  of  Change  in  jLnniial  Birth  Rat^ 
(APR)  at  P,  the  point  of  contact  on  the  curve. 


ERIC 


■Hate  = 


.\3R(AB) 
T(AB) 


9  -  3  6 

"~  "  =    ^  1^  pef.-year. 

7-1  6 

mi 


Cal.culate  the- Rate  of  Change 
in  j\nn\ial  Birth  Rate  at  the 
point  JL  \vhere'  T(A)  «  £  years. 

MT3'.V3R 

«  Rate  =  i(>  per  year. 


ABR 

10  j  1 

9  — - 


01     23456789  10. 


TIME  (IN  YEARS) 


ABR  * 


01     2345    6*   789  10 

•     TIME  (IN  YEARS) 


Calculate  the  Rate  of  Change 
in  Annual  Birth  Kate  at  the 
point  B  where  T(B)  «  7  years. 

ANSWER 

Rate  «  ^  per  year. 
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BASIC  SKILLS  OP  GRAPHICAL  iNTERPRETtoON 


PRQORAJyiMK    I  I 


SECTION 


NAME 


SEX 


AGE 


(years)  (months) 


SCHOOL 


CLASS 


•  DATE 


INSTRUCTIONS 

As  you  work  through  this  programme,  read  each 
question  carefully,  then  write  your  ansvfer  in 
the  space  provided  •  Any  other  csKIculations- 
shouid  be  written  on  the  BACK  of  the  page.  If 
you  are  not  sure  of  the  emswer  to  a  question, 
take  a  guess  ag^  go  on  to  the  next  example* 


899 


5/r 


Complete  the  following  calculations 


5x3  = 


1  w 


37  X  4  = 


29  X  5  = 


Now  we  can  uge  the  following  fornuila  to  calcxilate  the  AR^l^ 
■of .  any  Rectangle «qr  Square, 


LiiNGTH    X  HEIGHT 


TJse  this  forraxila  to  calculate  the  .\rea  of  the  followins 
f  ifiu-ea , 


Mr\mR^  Area  = 


ERIC 


AK3VfiJR     A.rea  = 


■  / 


The  same  formula  can  also  be  uficd  to  calc^ilate  the  AHSA  .0?  A,  " 
GRAHi,  which  represents  the  TOTAL  mmm  Of*  BIRTHS'  (per  100 
people)  over  a  given  period  of  time, 

•  .      V  ,  ; 

I'ow  each  graph  is  made  up  of  many  small  Blocks,  each  of  the 
same  size,  and  the  Ar.ea  of.  each  Block' Is  given  by. "the, 
formula  Area  =  Length  x  Height  as  shown  Ion  page  3/l_. 


The 


Length  of  each  block  is  shown  o"h  the  Horizontal  (Time) 
sV^Ji^the  Height  is  shown  en- the  Vertical  (ABR)  axis. 

-      ,  abr' 

20 

16 
U 
12 
10 
• 
6 
I 
2 
0 


< 

o: 

X 

q: 

-J 
< 

Z 

< 


y:LU.iPL3 


the 


0  5 


10   IS  20  2S  30  as  40  4S  SO 

TIME  (IN  YEARS) 

Total  Number  of  Births  represented  by  a  Single  Block  on 
£raph  aboye 

♦ 

Area  of  a  Single  Block 
Length    x  Height 
3  (years)    x    2  (5^) 

10  fi-.      (This  represents  the  Total  latniber  of -Births  , at 
2      per  year  over  a  period  of     years.  ) 


1 


5/5 


Calculate  the  Total  Number 
of  Births  represented  bji-  a 
Single  Block  on' this  graph. 


:UIS'#ER     Totaa  = 


ABR 

20 


6-5 

UJ 
< 

CQ 


s18 
'16 
U 
12 

Id 

8 


<. 

Z 

.St. 


- 

• 

0    2    4    6    «   10  12  U  16\  18  20  , 

TIME  (IN  YEARS) 


ABR 

IQ 
9 


uu 


h-  7 


< 
a: 


-J  3 

< 

i  2 

<  1 

■  0 


ft 

5    10   15  20  25  30  35  40  45  50 

TIME  .(IN  YEARS) 


C^lcvaate,  the  ToVal  Number 
of  -Births  •  representej^y;  a 
Single  Block  on  this  *iqraBh'. 


Ai'JSV/EH  ■•  Total  = 


) 


Now  we  ^calculate  the  Total  Ntunber  of  Birtha  represented 
,    '      ,  /  •   ^  — — :  .         •    '  •  ' 

i^'^  AITy:"3KCTI0N  OP  THK  ftRCTt  c  "by  coimtin£  the  number  of 
/blocks  in  the  section  and  using  the  following  formiila* 


t  V 


Total  NO.  of. Births 
represented  irt  any 
aection  *bf  the^  graph 


Ntunber  of  Eir,ths  Total  number 
represented  by  a  x  of  blocks  in 
single  block  the  section. 


Calc\ilate  the  Totad  Numljer 
of  Births  represented  on 
vthis  £raph  in  the  time 
trcn  A  to  B,  /  " 


ABR 

20 


\ 


<  • 


>• 

* 

f 

A 

• 

-  f 

« 

• 

• 

0    S    10  '  15  20  2S  30  3S  40  AS  50 

'  '     TIME  (IN  YEARS) 


(1)  Calculate  tho  number  of  Births- represented  "by  a  single 
\}lo9k  on  the  graph. 

(2)  Count,  the  Total  number  of  blocks  in  the  secticJn  b«5low 
the  line  from^  A      5  ^  each  block  to  be  cotinted  is 
marked  with  a-dot>(».)  on  the  graph  above. 

(3)  Oalc'olate  the  Total  Number  of  Births  (per  100  p-iopll?) 
represented  in  this  section  of  ihe  ^aph,  using  the 
formula  shown  above,  >        '  > 


("S-xample  continued  on  page  3/5) 


IjXilMPLK  (Continued  from,  page  3/4)  ^    •        '  *  -  ' 

*  \ 

Some  of  -the  Mocks  in.  the  section  to  be  counted  from  the 
£raph  on  page  3/4-  are  cut  by  the  line  AB.  In  auch  a\case, 
we  use-tV-a  following  RULES  POH  COUKTING  :-  \  . 

r   '  n  • 

\ 

•       /  .  . 

Xa)  If  less  than  half  of  the  hlook  is  included  in  the  area 
we  v/iafP^h>s^alculate.,  then  do  not  cbuht  thalf  bl6ch. 

(b)  If  haj|f  or  more  of  the  block  is  included  in  the  area  \  I 
we  wish'tp  calciilate,  then  couixt  the  whole  bl.ock*        ,  ^. 


♦  / 


In  this  example,,  each  block  to  be  counted  in  the  aectipn 
is  narked  with' a. dot  (O  -on.the  graph  "(page. 3/4). 


■ANSV/BR  ■  . 

The  K^ber  of  Births  represented  by  a' 
Singl3  -Block  (as*  shown  on  page  3/2)  ^ 


.10  5^.    ■  • 


Th-j  Total  muiiher<of  blocks     ,=  39 


?h^:? /Total  Ni;rl'»r  of  ITiimber  cf  Births       .  T6tal  Niuiiber  of 

Births  in  the  time  ,  =  .represented  by  a  'x    blocks  i)i  Lhis 

from  A  to  B  single  block  -seotiop 

=  10  (5^)    X   3^  ' 
»                     •      .  ■  ■ 

•   ,    •=  390  iS.  . 


Calculate  the  Nmbef  of 
Births  reJiresented  by  a"^ ' 
-Single' Elock  on  this  graph. 


AITS'.VBR 


NO.  of^Birlhs  = 


ABR 

10 
9 


6^5 

UJ 
< 

X 

5 


< 

I 


• 

B 

•'1 

A 

*• 

s 

0    5   10   IS  20  25  3a  35  40  45  50 

TIME  (IN  YEARS)  ■ 


(1)  Mark  with  a  dot  each  block  y^m  wculd  count  to  calculate 
the  total  number  of  births  represented  in  the  time  from 
A  to  B  on  the  graph  above. 


(2)  Count  the  number  of  blopks  you  have  marked, 


/ 


ANSWER 


/ 


(3)  Caloulate  the  Total/  Number  of  Births  represented  in  tne 
time  from  A  to  B  pn  the  graph  above. 


AIISWER     Total  = 


5/7 


Calculate  the  Niimber  of 
^ Births' represented  by  a 
Single  ]31ock  on"  this  graph. 


ABR 

20 
.18 


NO.  of  Births  = 


5^. 


LU 

H  U 

<.  . 

H  10 

ta  ' 

-J  6 
< 

i  < 

r  2 
0 


r 

V*- 

• 

D 

2    4    6    8    10  12  U  16   18  20 

TIME  (IN  YEARS) 


(1)  I.lark  with  a  dot.  each  hlook  you  would  coiuit  to  calculate 
the  total ^nuiriber  of  births  represented  in  tne  tiwe  from 
C  to  D  on  the  £Taph  above. 


{?.)  Count  the  nui-foer  of  blocks  you  have  marked. 


(3)  Galc^ilate  ■'rhe  'I'ctal  Number  of  iirths  represented  in  the 
+ir.i-'  froui  C  to  D  on  the  graph  a:"'ove. 


ANSt/ER     Total  = 


ERIC 


S06 


Calculate  the  Number  of 
Births  represented  by  a 
Si'ngle  rnlock  on  this  graph. 


NO.'  of  Births  = 


5^. 


3/6 


ABR 

10 
9 


h-  7 
< 


H  5 


3: 


-J 
< 


3 
2 

I  1 
0 


D 

> 

A 

.0     5    10   15  20  25  3d  35  40  45  50 

TIME  (IN  YEARS) 


(1)  Hark  with  a  dot"  each  block  you  would  count  to  calcxaate 
the  total  number  of  births  represented  in  the  time  froai 
A  to  3  on  the  graph  above. 

(2)  Co\mt  the  nuraber  of  blocks  you  haveSnarked. 

\. 


A 3)  Calculate  the  Total  Kumbor  of  Births  represented  in  the 
tine  from  A  to  B  on  the  graph  above. 


-  {6. 


ERIC 


'  807 


0 


3/9 


ABR 

20 


OalciJLate  the  Kuinber  of 
}.'j.rths  represented  by  a 
3insl3  Bloclc  on  th.i.s  graph. 


^t8 
^16 


NO.  of  Dirths  = 


< 
X 


':j  6 
< 

i  * 

i  2 


!5 


D 


0    2    «    6    8    10  12  U  16  18  20 

TIME  (IN  YEARS) 


1. 


<; 


(1)  I^.ark  v/ith  a  dot  each  block  you  woiald  count  to  calculate 
trie  total  numoer  of  births  represented  in  the  time  from 
C  to  D  on  the  c^'aph  above. 


(2)  Goxirt  the  number  of  V.locks  you  have  marked. 

.  ■  \ 


(;•)  Salcvaate  the  Total  TTmi'i)(?r  of  rirchs  repres-mted  in  tn^ 
time  from  £  to  D  on  the  graph  aooye. 


/U^S-VKit     Total  = 


ERIC 


5/16- 


Mark  the  position  o 
on  the  line,  v/hore 
=  25  years. 


f  A 


ABR 


5    10   15  20  25  30  35  40  45  50 

TIME  (IN  YEARS)  . 


ABR 

20 
.18 


H  14 

< 

H  10 
-J  6 
<  2 


0    2    4    6    8    10  12  14  16  18  20 

TIME  (IN  YEARS) 


L^rk  the^  position  of  B 
on  the  lire,  where 
T(E)  »  16  years. 


ERIC 


809 


Karlc  the"  position  of  A 
on  t,::e  GursLe.,  where 
5(A)  =  35  years. 


0    5    10  15  20  25  30  35  40  45  50 

TIME  (IN  YEARS) 


ABR 


20 
^16 


U 
12 
10 


< 

X 

or 


< 

i  « 

f  2 


0    2    4    6    •   10  12  U  16  II  20 

TIME  (IN  YEARS) 


Mark  the  position  of  B 
on  the  curve,  where 
T(B)  =  12  years. 


910 


.IKSVffiR      Total  = 


ABR 


Calculate  the  Total  Number  Q 
of  Births  represented  in 
this  graph  from  A  to 
where  T(»l)  =  10  3'e--irs  and- 
(B)  s  45  years. 


10 

1 V 

9 

s-^ 

i 

LU 

H 

7 

< 

a: 

f 

X 

5 

CQ 

•J 

3 

< 

2 

1 

< 

p. 

5   to  15  20  25  30  35  40  45  50 

TIME  (IN  YEARS) 


ABR 


2    i    6    a   10  12  U  16  ,11  20 

TIME  (IN  YEARS) 


Calculate  th«  Total  Number 
of  Births  represented  in 
this  graph  from     to  I), 
where  T(C)  s  2  years  and 
T(II)  «  16  years. 


AlvS-YSR  Total 


ERIC 


811 


3/15 


Calculate  the  Total  Number 
of  Births  repres'-mted  in 
this  graph  fro'.^  A  to  B, 
where  5(A.)  =  15  years  and 
'•^(B)  =  40  years. 


ill73?SR     Total  = 


jr.. 


ABR 

to 


< 

OH 


H  5 


X 


< 
Z 
< 


5   10   15  20  25  30  35  40  45  50 

Ik 

TIME  (IN  YEARS) 


ABR 


0  2 


4    6    8   10  12  U  16  It  20 

TIME  (IN  YEARS)  . 


Calcu:  ite  -the  Total  "Number 
of  Births  represented  in 
this  graph  from  £  to  D, 
where  T(C)  s  4  years,  arid 
T(D)  m  J4.  years. 

ANS.TOR     Total  =  %. 


ERIC 
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BASIC  SKILLS  OP  GRAPHICAL  INTERPRETATION 


PROGRAMME      |  1 1 ' "  SECTION  1 


NAME  AGE 

(years)  (months) 

SEX 


SCHOOL  CLASS 


DATE 


IN5TOUCTI0NS  • 

As  you  work  through  this  programme,  read  each 
question  carefully,  then  write  your  answer  in 
tt^  space  provided.      Any  other  calculations 
should  be  written  on  the  BACK  of  the  page.  If 
you  are  not  sure  of  the  answer  to  a  question, 

take^  a  guess  and  go  on  to  the  next  example. 

<j 

Every  answer  should  be  given  to  the  nearest 


decimal  place. 

:  913 


This  is  a  HORIZONTAL-NUMBER-  MNE"  wi'ffi  Dositi  Qna 
from  0  to  10. 


'    '    '    '  'I 

0    1     23    45-678  910 
The  position  of  A  on  the  nmber  line  above  is  3.0 


B  c 

'    ■    I    ■    '    '    '    ^    ■    ■  ' 
0    t.    2     3456789    10  ' 

\ 

/ 

Calculate  the  position  of  B  on  the  number  line  above. 
.ANSWER     B  = 


Calculate  the  position  of  C  on  the  number  line  above. 
ANSWER     C  °= 

m 


This  is  a  VERTICAL  NUMBER  LINE  with,  positions  marked 
from  0  to  10. 


1/2 


The  position  "of  A  on  this,  number 
line  is  6.7 


to 

9 
8 

7 
6 
S 
4 
3 
2 
1  - 
0  - 


-A 


10 
9 
8 

7 
6 


'\  5 

\ 

2K 


V. 


Calculate  the  position  of  B. 
ANSWER     i  = 


Calculate  the  posi^tion  of  0. 
ANSWER      C  = 


915 


Let  U3  now  combine  the  Horizontal  and  Vortical  numbed,  lines^.. 
to  form  a  ORAPH  ay  showi  in  the  diagrain  below.    "  ^ 


VERTICAL 
■  AXIS  • 
(or  Number  Line) 

-Y 


Y(A) 


■9 
•  8 
7 
6 

.5 

3 
.  2 
1 
0 


1 



A 

— ) 

c 

i 

0  12  3  4  5-6  7  8  9  10 
 — X(A)-^  >  ' 


•  horizontal' 

AXIS 
(or.  Number  Line) 


_Any  .point  within  this  'graph  can  now  be  easily  found  if  we 
'know  bDth  its  Horizontal  position  and  its  Verti^l  position. 
■These  may  be  calculated  in  the  following  way  • 

-  a 

The.  HORIZONTAL  POSITION  of  appoint  is  its  distance  .fronf  0 
measured  along  the  Horizontal  or  X  axis.  This  is  shown  for 
the  point  A  in  the  graph  above  as  X(A)  =  7.0,        •'    ^  -  . 

The  VERTICAI^POSITI^  of  a  point  is  'its  distance  from  0 
measured  along  the"  Vertical  or  Y  axis,  This  is  shown  for 
the\  point  A  ^.n  the-  graph  above  as  Y<A)  =  4.6 


916 


1/4 


/ 

*  - 

• 



■ 

B 

•  * 

) 

c 

i 

A 

012    3.4    5.6    7    8    9  10 


I  ERIC 


^Calculate  -the  Horizontal  position  of  A. 

•I 

ANSWER  X(AO.=. 

•  Calcxilate  the  Horizontal  position  of  B. 
■  •      -  *  ■  ^     ANSWER     -X(B)  = 

Calculate  the  Vertical  position  of  A. 

« 

^      ANSWER-     Y(A)  = 
Calc-tilate  the  Vertical  posi-tion  of  B. 

r 

ANSWER      Y(B)  = 


J/ 


Kow.we  can  find  ti\e  position  of  any  POINT  ON  A  LINE,  uqing 
the  method  described  in  .the  e^cample.  below. 


EXAMPLE       ■  ' 

Calculate  the  korizontal 
position  of  A  when 
Y(A)  s  7.5'> 


METHOD 


Y(A) 


.10 

9 
8 
7 
6 
5 
A 
3 
2 
1 
0 


1 

A 

0    1,2    3    4    5  6 
 ^X(A)  — 


9    \  10 


(1)  Find  th^  gi^en  position  Y(A)  «  7.5  on  the  Vertical  Axis. 


/ 


■<2)/Move  across  to  the  line  and.  mark  the  point  A  which  has 
the  same  Vertical  position. 


(3)  Calculate  the  Horizontal  position  of  this  point,  as- 
shown  on  the  graph  above.  ,  »^  ' 


ANSWER 


X(A)  =-9.0 


The  two  points  A  a 
lie  somewhere  on  t 
shown  in  this  gitapri^. 

Y(A)  =  3^,.    YCB'r  i  5^ 

Mark  the  positions  A  and 
on.  the  graph. 

Calculate  the' Horizontal 
position  of  A. 

.ANSWER      X(A)  = 


r 

7 

A 

1 

> 

/ 

i 

1 

A 

/ 

01     23^56769  10 


Calculate  the  Horizontal 
» .  positioner  B. 

ANSWER  X(B) 


The  two  points  C/  and.  D  both 
lie  somewhere  on*  the  curve 
shown  in  this  graph. 


ERIC 


10 
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\ 

A 

\^ 

\^ 

\ 

0    1     2     3  5  *  6   ,7.    8    9  10 


919 


Y(C)  =  Y(D)  =  7>3 

Mark  the  positions  C  and  D 
on  the  graph. 

Calculate  the  Horizontal  ^ 
position  -of  C . 

ANSWER   .  X(C)  = 


Calculate^^j^e  Horizontal 
position  of  D. 

ANSWER      X(D)  = 


1/7 


The  two  points  A  and  B' both 
lie  somewhere  on  the  line 
shown  in^this  graph. 

X(A)  =  ■     X(B)  =  9.0  ■- 

o 

Mark  the  positions  A  and  B 
on  the  graph. 

Cal'cula.te  the  Vertical 
position  of  A. 

-ANSWER—  YCA)  = 


Calculate  the  Vertical 
position  of  B". 


X 

.J  

01     2    345    6    789  10 


r 


ANSWER      Y(B)  = 


I 

I 



1 

X 


01     23656789  10 

920 


The  two  points  C  and  D  both 
lie  somewhere  on  the  curve 
shown  in  this  graph. 

X(C)  ='  2J0       X(D)  =^8.0 

Mark  the  positions  C  and  D 
on  the  graph. 

Calciilat^\the  Vertical 
position  of  C. 

ANSWER      Y(C)  = 


Calculate  the  Vertical  . 
position  pf  D,  \ 

ANSWER      y(D)  = 


\ 


1/8 


In  order  to  find  a  certain  POSITION  BETWEEN  A  ROW  Og  POINTS, 
use  the  method  described  in  the  following  example. 


EXAMPLE 

Calculate  the  Horizontal 
position  of  A  when 
Y(A)  =5.4  ' 


Y(A) 


10 
9 
8 
7 
6 
5 
I. 
3 
2 
1 
0 


• 

A 

H 

/ 

0    1     2    3    6    5    6   ,7    8    ?  10 
-X(A)  ^ 


RiETHOD 


(l)  Rule  a  line  thi^ough  each  of  the  points,  as  shown  on  the 
graph  above.  \ 


(2)  Find  the  point  on  tl\is  line  which  has  a  Vertical 
•position  Y(A)  =  6.4 

(3)  Calculate  the  Horizontal  position  of  this  point. 


ANSWER 


X(A)  =  5.0 


1/9 


The  two  points  A  and  B  both 
lie  somewhere  between'  the. 
row  of  points  shown  on  this 
graph . 


1  — 
— 

> 

1 

0  1 


3^56789  10 


Calculate  the  Horizontal  position  of  A  when  Y(A)  =4.2 
ANSWER  X(A)'= 


Calculate  the- Horizontal  position  of  B  when  Y(B)  =  6.8 
ANSWER      X(B)  = 


All  answers  should  be  given  to  the  nearest  decimal 
place. 


"  .1/10 


In  order  to  find  a  certain  POSITION  BEYOND  A  GIVEN  LINE  OR' 
ROW  OF  POINTS,  follow  the  instructions  described  in  the 
example  below; 


Y 


EXAMPLE  ■ 

^Calculate  the  Horizontal 
position  of  A  when 

-      -  -  Y-(-A-)-=  8.4 


\  ^oi  I  I  I  I  11^  r  I  -  I  I 

»     0    1     2    3         5    6\  7-  8    9  10 


 ^X(A)  ^ 

METHOD 

(1)  Rule  a  line  through  each  of  the  points  (unless  a  line 
is  given  in  the  problem). 

(2)  Extend  this  line,  as  shown  in  the  graph  above,  until 
it  reaches  the  Vertical  position  Y(A)  =  8.4 

(3)  Calculate  the  Horizontal  position  of  this  point. 


ANSWER 

X(A)  =  9.0 


erJc  923 
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The  two.  points  A  and  B  both 
lie  somewhere  beyond  the 
line  shown  in  this  graph. 


Calculate  the  Horizontal 
position  of  A  when  Y(A)  =3.3 


ANSWER      X(A)  = 


Calculate  the  Horizontal 
position  of  B  when  Y(B)  =7.6 

ANSWER..  \(B)  = 
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The  two  points  Q  and  D  both 
lie  somewhere  beyond  the  row 
of  points  shown  in  this  graph. 


Calculate  the  Horizontal 
position  of  C  -when  Y(C)  =  4.5 


ANSWER      X(C)  = 


0    '     2     3    4     5    6     7    8    9  10 


Calculate  the  Horizontal 
position  of  D  when  Y(D)  =  8.8 


ANSWER      X(D)  = 


ERIC 
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Calculate  the  Vertical 
position  of  A. 

ANSWER      Y(A)  = 


_C.alculate  -the-Vertical 
position  of  B. 

ANSWER      Y(B)  = 


}  — 
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The  two  points  £  and  D  both 
lie  somewhere  on  the  curve 
shown  in  this  graph. 

Calculate  the  Vertical 
position  of  C  when  X(C)  =  4.0' 

ANSWER      Y(C)  =  . 


Calculate  the  Vertical 
X     position  of  D  when  X(D)  .=  9.0 

ANSWER      Y(D)  = 


ERIC 
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The  MAXIMUM  Value  of  a  curve  is  equal  to  the  HIGHEST 
VERTICAL  POSITION  on  the  curve  


The  Maximum  Value  of 
this  curve 

=  Y(A) 

-=•8.2 


Y(A) 
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The  MINIMUM  Value  of  a  curve  is  equal  to  the  LOWEST 
VERTICAL  POSITION  on  the  curve.  ^ 


10 
9 
8, 
7 
6 
5 
^ 
3 
2 


t 

Y(B)  1 
I 


« 
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The  Minimiiin  Value  of 
this  curve 

-  Y(B) 

=  2.3 
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Calculate  the  Maximum 
Value  of  the  curve  AB. 

ANSWER      MAX  = 


M 

> 

 L 

3    1     2     3    4     5     6     7    8  S 

10 

Calculate  the  Maximum 
Value  of  the  curve  CD.' 

ANSWER      MAX  = 


01     2345678?  10 


ERIC 
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Calculate  the  Minimum. 
Value  of  the  curve  ABl 


ANSWER      MIN  = 
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Caiciilate  the  Minimum 
Value ^ of  the  curve  CD. 

ANSWER      MIN  = 


01     23456789  10 


ERIC 
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The  TURNING  -POINT  of  a  curve  \is  indicat*»d  by  a  Change  in 
Ver ti c al  ..Pi re c  ti on  along  the  diirve,  as  shown  in  the 
examples  below.      .         >  ' 


Place  a  mark  (  •  )  at  the  Turning  Point  on  each  of  the 
following  curves. 


ERIC 


929' 


If  the  Turning  Point  of  a  curve  has  'the  HIGHEST  Vertical 
position  on  the  curve,  it^is  called  a,  MAXIMUM  TURNING  POINT. 

[  c 

If  the  Turning  Point  of  a  curve  has  the.  LOWEST  Vertical 
position  on  the  curve,  it  is  called  a  MINIMUM  -TURNING  POINT. 

/ 

Show  which  of  the  following  curves  has  a  M/OCIMUM  Turning 
Pointy  by  writing  the  ntunber(s)  in  tSe  space  below.  - 


BASIC  SKILLS  OP .  aRAPHICAL'^  INa'KRPRETA.TION. 


PROGRAMME      |  1 1 


NAME 


SEX 


SECTION.  >  2 


AOE 


(years)  (months) 


SCHOOL 


CLASS 


DATE 


,  INSTRUCTIONS 


As  you  work  through,  this  /programme,  read  each 
questi"on  carefully,  then /write  your  answer  m 
the  space' provided*      Any  oth^  calculations 
should  be  written  on  th^  BACK'  of  the  pag-e.  If 


you  are  not. sure  of  the/  answer  to  a  ^question, 
take  a  guess  and  go  on /to  the  next  6x;ample. 
Eve  ry answer  should  .  be/  given  to  the  nearest 


decimal  place. 
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Calculate . the  position  of 'A,  on  the  number  .line  above 


ANSWER      A  = 


Calculate  the  position'of  B  on  the  number  line  above 


ANSWER  B- 


Calculate  the  position  of  C. 

1 

ANSWER      C  = 


C^tlculate •  the  .position  of  D. 


ANSWER ^    D  = 


10 
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6 
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—  D  ' 


1 
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Complete  the  following  calculations 


10  -  5  = 


9  -  2.= 


9.7  -  5.4  = 


6.3  -  3.1 


932 


The  DISPLACEMENT  between  two  poijits  is  the  CHANGE  IN 
POSITION  from  one' point  to  the  other. 


EXAMPLE 


The-  Displacement 
froifl  A  to  B  on  the 
niimber  line  above 
(  call,  this  ,AB  ) 


B 


J  I  L 


0     1     2     3    4    5\  6    7    8v   9  10 


\ 

\ 

Final  Position    -    First  Position 
B    -  A 
8.0    -  2.0 


\ 


=  6.0 


I  J  L 


D 


'     '  ' 
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Calculate  ohe  Displacement  from  C  to  D  on  the  niimber  line 
above. 

ANSWER      CD  = 


J  1  I  L 


0123^55789  10 


Calculate  the  Displacement  from  £  to  P  on  the  number  line 
above. 


ANSWER  EF 


933 


The^same  rule  can  also  .bV  used  to  calculate  the  Displacement 
between  two  points  on  a  Vertical  number/line • 


Calbulate  the  Displacement 
from  A  to  B.  j 

.'ANSWER      AB  =  / 
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—  B 


Calculate  the\  Displacement 
from  C  to  Dl 

ANSWER      CD  = 


10 
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I 

Calculate  the  Horizontal  position  of  A. 

ANSWER  X(A) 

Calculate  the  Horizontal  position  of  B. 

ANSWjiR  X(B) 

Calculate  the  Vertical  position  of  A. 

ANSWER  Y(A) 

Calculate  the  Vertical  position  of  B. 

ANSV/ER  Y(B) 


935 


The  HORIZONTAL  DISPLACEMENT  betweeriHwc  points  on  a  graph 
is  the  CHANGE  IN  HORIZONTAL  POSITION  from  one  point  to  the 
other  -  that  is,  the  change  in  position  measured  along  the 
Horizontal  or' X-axis. 


EXAMPLE 

The  Horizontal 

Displacement  from 

A  to  B  (called  X(AB)) 

=    X(B)    -  X(A) 

=    7.0    -  1.0 

=  6.0 


Y(AB-) 
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-X(AB)- 


'^^^  VERTICAL  DISPLACEMENT  between  two  points  on  a  graph 
is  the  CHANGE  IN  VERTICAL  POSITION  from  one  point  to  the 
other  -  that  is,   the  change  in  position  measured  along  the 
Vertical  or  Y-axis. 

EXAMPLE 


The  Vertical  Displacement 
from  A  to  B  on  the  graph 
above    (called  Y(AB)) 


Y(B)  -  Y(A) 
8.5    -  3.2 


=  5.3 


Calculate  the  Horizontal 
Displacement  -from  A  to  B. 

ANSWER      X(AB)  = 

Calculate  the  Vertical 
Displacement  from  A  to  B. 

ANSWER      Y('aB)  = 


B 

) 
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Calcixlate  the  Horizontal 
Displacement  from  C  to  D, 


ANSWER      X(CD)  = 


Calculate  the  Vertical 
Displacement  from  C  to  D, 


01     23^56789  10 


ANSWER  Y(CJX)^= 


937 


Complete  the  following  calculations 


8.4 

5 


9.6 
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The  SLOPE  OF  A 
S-TRAIGHT  LINE 


VERTICAL  DISPLACEMENT" 
HORIZONTAL  DISPLACEMENT 


Y(AB) 


EXAMPLE 


--X(AB)-> 


The  Slope  of 
the  line  AB^ 


Vertical  Displacement  from  A  to  B 
Horizontal  Displacement  from  A  to  B 

) 

Y(A3) 
X(AB) 

5.7 

3 


2/9-^ 


Calculate  the  Horizontal 
Displacement  from  A  to  B, 

ANSWER      X(AB)  = 


Calculate  the  Vertical  ' 
Displacement  from  A  to  B, 

ANSWER      Y(AB)  = 
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Ceilculate  the  Horizontal 
Displacement  from  C  to  D. 

ANSWER      X(CD)  = 


Calculate  the  Vertical 
Displacement  from  C  to  D. 


X     ANSWER      Y(CD)  = 


ERIC 
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In  order  to  calculate  the  SLOPE  OP  A  fVPRAIGHT  LINK  from  a 
'graph,  follow  the  method  described  in  the  example  below.' 

« 

Y 


EXAMPLE 

Calcxilate  the  slope 
of  the  line  AB. 


Y(AB) 
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-X(AB)^ 


METHOD 


0 

(1)  Calculate  the  Horizontal  Displacement  (  X(AB)  =  3.0') 
and  the  Vertical  Displacement  (  Y(AB)  =  7j_5  )  from  ' 
A  to  B,  as  shown  on  the  graph  above. 

(2)  Use  these  figures  to  calculate  the  Slope  of  the  line  AB, 
using  the  method  shown  on  page  2/7. 


ANSWER 


Slope  of  the  line  AB 


Y(AB) 
X(AB) 

7.5 
2.5 


Mi 


Calculat.^'  the'  Slope  of  the 
line  AB. 

ANSWER      Slope  = 
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Calculate  the  Slope  of  the 
line  CD. 

ANSWER      Slope  = 


01     23^    5    6    789  10 


ERIC 
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The  TANGENT  to  a  curve  is  a  straight  line  which  touches  the 
curve  at  only  one  point,  as  shown  in  the  example  below. 


EXAr/iPLE 


(iy  The  line  ^  is  a  Tangent 
to  the  curve,  touching 
it  at  the  point  P. 


(2)  The  lin?  CD  is  not  a 
'Tangent,  since  It  cuts 
across  ,  th*e  curve  at  P* 


Rule  a  Tangent  to  each  of  the  cxirves.  below  at  the  poijnt 
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Mark  the  position  of  A  on 
the  curye,  where  .X(A)  •=  8.0 
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Mark  the  position  of  B  on 
the  cxirve,  where  X(B)  =  4^0 


*0    1     23^561769  10 


ERIC 
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Rule  a  Tangent  to  the  curve 
at  th6  point  B  where 
X(B)  =  6.0  •  , 


Calculate  the  Slope  of  the 
line  AB. 

ANSWER    ^lope  = 
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Calculate  the  Slope  of  the- 
line  CD.     -  ' 

ANS\y£R      Slope  =  '  - 


The  Taxigent  to  a  curve  has  the  s^e  slope  as  the  cm  at 
the  pojnt  of  contact,  This  means  that  we;  can  now  calculate 

the  SLOPE  OF  A  CURVE  at  any  point,  using;  vhe  method 

r  ■ 

described  in  the  example  below* 


Calculate  the  Slope  of 
,fche  curve  at  the  point 
'P  wh^re  X(P)  =  5.0 
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-X(AB)- 


mHOT) 

(1)  Mark-  zhe  point  P  on  the  c»irve  where  X(P)  =  3*0 

(2)  Rule  a  Tangent  to  the  curve  at  this  point,  so  that  the 
Horizontal  position  at  each  end  of  the  Tangent  is  a 
$rhole  number  (  as  for  points  A  and  B  on  the     ■  aph  above) 

(5)  Calculate  the  Slope  of  the  Tangent  AB  u? '       the  method 
sho'un^  on  pap;e  2/1 0-. 


'(4)  This  is  the  slope  of  the  curve  at  the  point  P. 


T 


\ 


Qalculate ^the  Slope  of  the 
curve  at  the  point  k  i 
where  X(A)  =  2.0 

ANSV/ER      Slope  = 


2/17 
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Calculalle  the  Slope  of  the 
ciu  ve  at|  the  point  B 
where  X(B)  =  7.0 


ANSm     i  Slope  = 
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INSTRUCTIONS 

As  you  work  through  this  programme,  read  each 

question  carefully,  then  write  yotir  answer  in 

the  space  provided.  Any  other  calc\ilations 
should  be  written  on  the  BACK  of  the  page.  If 

^you  are  not  sure  of  the  answer  to  a  question, 

take  a  guess  and  go  on  to  the  next  example. 

Every  answer  should  be  given  to  the  nearest 

deoimal  place.  f]'^9 


r 

'  3/1  J 

1 

Complete  the  following  calculations  :-  1 

8  X  0.2  = 

3  X  0.5  =                                        ,  1 

* 

37  X  0.4  "=                             29  X  0.5  =                        -  I 

—    —                        %                                                               —    -   1  1 

1 

Now  we  can  use  the  following  formula  to  calculate  the  AREA  | 
of  amy  Rectaniscre  or  Square.  1 

AHEA      =  LENGTH 

-  V 

X    HEIGHT'  1 
^               /  1 

Use  this  formula  to  caloxilate  the  Area  of  the  following  | 
figures.                       -                          •                                             ^  1 

H 

I 

0.2 

■   ANSWER      Area  =  1 

9  * 

7 

■ 
■ 

1 

^  > 

• 

0.3 

ANSWER      Area  =  1 

■  -  6 

ERIC 
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'                               *                          *                                                                   *  ■ 

The  same  formula  can  also  i>e  v.h.:i  to  calculate  the  AREA  OF  A 
GRAPH,  or  of  any.  square  section  of  a  graph.  ^ 


Now  each  graph  is  made  up  of  many  small  Blocks,  each  of  the 
same  size,  and  the  AREA  OF  EACH  BLOCK  is  given  by  the" 
formula  Area  =  Length  x  Height  ,  as  shown  on  page  5/1. 


2.0 


EXAlffiPLE 


Calculate^the  Area 
of  a  '3i.ngle  Block 
on  this  graph. 
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The  LENGTH  af  each  block  is  shovm  on  the  Horizon tv \ 
Axis,'  and  the  HEIGHT  is  shown  on  the  Vertical  Ax.is> 

In  t^his  example,  the  Area 
of  a  single  Block  on  the 

graph  =      Length    x  Height 

5    X  0.2 
1.0 


Y 

2.0  p 

1.8  - 

Calcxilate  the  Area  of  a 

1.6  - 

single  Block  on.  this 

1.^  - 

graph.  "  '  \._ 


■  ANSWER      Area  -= 
    0.8 


0.6 


0.4  :  

0.2  

O'l  1  1  1  1  1  JLJ  1  
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Calculate  th^  Area'  of  a 
single  Block  on  this 
gr^aph'; 


ANP'.V£R 


Area  = 


0     5    10   15  ?0  ?.  30  35  CO  US  50 


ERIC 


Now  we  can  calculate  the  ARA'A  OP  ANY  SECTION  OP  A  GRAPH, 
by  ccimtihg  the  number  of  blocks  in  the  section  and  using 
the  following  formula  :-  ' 


The  TOTAL  AREA 


Area  of  a  single    ^    Total  Number  of 


of  any  Section  Block. 


/Blocks  in  the 


Section. 


EXMIPLE 

Calculate  the  Area 
below  the  line  AB 
on  this  graph. 


METHOD 


2.0" 
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(1)  Calculate  the  Area  of  a  single  Block  on  che  gi-aph. 

(2)  Coiant  the  total  number  of  Blocks  in' the  section  -  each 
Dlock  to  be  counted  is  marked- with  a  dot  (•)  on  the 
graph  above. 

(3)  Calculate'  the  Total  Area  of  this asecti on,  using  the 
formula  shown  above. 


-iCipi.^;  '.ori'lr'U^d  on  page  3/5)  . 


.  -5/5 

•  • 

BXAMPLK  (Continued  from  page  3/4) 

Some  of  the  blocks  in  the  section  to  be  counted  from  the 

graph  on  page  3/4  are  cut  by  tne  line  AB.  In  such  a  case,-^*^ 
we  use"  the  following  RULES  FOR  COUNTING 

—                   '  '  - 

— raT'If  'less  tTian  half  of  the.^lock  is  included  in  the  area 

V 

^      we  wish  -to  calc\ilate,  then  do  not  count  that  block. 

- 

 (-b-)-Tf'lTa3:t'"l7r'iuo"re  of  the  block  is  iticluded  in  the  area 

we  wish  to  calculate,  then  count  the  whole  block. 

In  this  example,  each  block  to  be  counted  in  the  section 

is  marked  with  a  dot  (•)  on  the •graph  (page  3/4). 

* 

ANSWER 

The  Area  of  a  single  block 

(as  shown  on  page  3/2)             =      5x^0. 2 

The  Total  namber  of  blocks  in  the  section     =  39- 

* 

The  Total  Area                                               '  !*c^:i  number  of 
of  the  section      =                   ^  ^^^^le      ^      ^^locks  in  the  ^  * 
below  AB      '                ^\0Q,\i                      ^  section 

♦ 

*• 

1.0    X  39 
=  39.0 

 1  

ERLC 

Calculate  the  Area  of  a 
single  block  on  this 


ANSWER  ^   Area  r: 
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(i)  Mark  with  a  dot  each  block  you  would  count  to  calculate 
the  Area  below  the  line  AB  on  the  graph  above. 

L2)  Count  the  number  of  blocks  you  nave  marked • 

ANSWER 


(3)  Calculate  the  Area  of  the  section  below  the  line  AB  on 
the  graph  above-. 


ANSWER      Area  = 


3/7 


Calcula'te  the  Area  of  a 
single  block  on  this 
-graph...^  


-AlOraR      Area  = 
if 
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(r)  Mark  wi.th  a  dot  each  block  you  would  count  uo  calculate 
the  area  below  the  -line  CD  on  the  graph  above.  . 

(2)  Count  the  ntunber  of  blocks  you  have  marked. 

ANSWER 


(5)  Calculate  the  Area  of  the  section  below  ;the  line  CD  on 
the  graph  abo'  e . 


ANSWER      Area  = 


956 


Calculate  the  Area 

^ng^^^ogk^jn  this 
graph . 

ANSWER      Irea  = 
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(1)  Mark  with  a  dot  each  bloQk  you  would  count  to  calculate 
■  the  area  below  the  curve  AB  on  the  graph  above. 

(2)  Count  the  number  of  blocks  you  have  marked. 

ANSWFJ?  • 


'(3)  Calculate  the  Area  of  the,  section  belov/  the  curve  AB  on 
the  graph  above.         '  . 


ANSWER      Area  = 


ERIC 


957 
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Calculate  the  A-rea  of  a 
single  block  on  this 
graph .  • 

ANSWER      Area  = 
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(1)  MarkMwl th  a  dot  each  block  you  would  count /to  calculate 
the  area  below'' the  c-ui:ve  CD  on  the  graph  above.  . 


(2)  Count  the,  number  of  blocks  you  have  marked. 


ANSWEtl 


/ 

/ 


/    .    •.  .  : 

(3)  Calculate  the , Area'  of  the  section  below  the  curve  CD  on 


the  graph  above. 


0  • 


AN?V-,fiR  Area 
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Mark  the  position  of  A  on 
the  .line,-  where  X(A)  =  25 
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Mark  the  position  of  B  on 
.the  line,  where  X(Bj  =  J 6  ^- 
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,.  3/11 
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*  Mark  the  position  of  A  on 
the  aurve,  where  X(A)  =  35 
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Mark  the  posi'cion  of  on 
the  curve,  where  X(B)  =^12 


.  5/12 


Calculate  the  Area  be-low 
the  line  in  this  graph 
from  A  to  B  where  X(A)  =  10 
and  X(B)  =45 

ANSWER      Area  =■ 
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Calculate  the  Area  below  ./ 
the  line  in  this  graph 
from  C  to  ]p  where  X('c)  =  2 
and  X(Dy  =26 

ANSWER      Area  = 


•  0     2    4    -6     8    10"  12  *14   16'  18   20-  ' 
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Calculate  the  Area  belpw 
the  curve  in  this  graph 
from  A  to  mhhexe  X(A)  =  ^5 
and  XC^B)  =  40: 


ANSWER 


Area  = 
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Calculate  the  Area  below 
the  curve  in  this  graph 
from  C  to  D  where  X(C)  =  4 
^and  x7d)  =  H  * 


ANSWER 


Area:  = 


